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NOTICE. 



This Treatise is intended for young workmen, and for the 
older pupils in schools where theoretical Geometry is not 
taught. It explains only the most simple and useful facts 
and operations which every person ought to know. A 
great part of it does not require a knowledge even of 
Arithmetic; and no kind of explanation has been used 
that is likely to be found difficult by a beginner. 

In learning the subject, each portion should be read 
carefully several times; and the drawings should alto be 
copied more than once, of as large a .size as possible. 

When the treatise is used by a teacher, he should explain 
each part, and make large drawings before the pupils.. Ke 
should then question the pupils upon every part,, and 
should cause them to make drawings on a black board 
or slate, or upon paper, as large as is convenient^ 
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INTRODUCTION. 



I.-^WHAT GEOMETRY MEANS; AND ITS PARTS 

OR DIVISIONS. 

1. Geometry is the name for what we know about the 
shapes and forms* of things. 

2. We learn the names of shapes and forms, such as 
balls, cubes, squares, circles, triangles, and many others, — 
no matter what they are made of, or how large or small 
they are. This naming is part of Geometry. 

3. We learn what parts these shapes and forms have ; 
and how to make up or to draw such shapes and forms. 

4. We learn how to measwre and calculate objects of many 
different shapes and forms. Thus, we find out how much 
wood or stone a log of wood or block of stone contains ; 
how many acres there are in a field ; how much carpet is 
needed for a room; what is the distance across a river 
which we cannot get over ; and the height of a tree or 
steeple which we cannot get up to measure : also how to 
make maps of countries, rivers, lakes, and seas ; and many 
other useful things. All these are parts of Geometry, or 
are taught by Geometry. 

6. We learn to com/pare together different shapes and 
forms, so as to find if they are of the same size or not : — ^as 

* Solid Bodies haye shape ; Figures, such as triangles, squares, and circles, 
hftTO form. 
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whether a thick short log of wood contains as much timber 
as a long thin one ; if a certain plank contains enough 
wood for a box or table we wish to make ; how much 
plastering, or painting, or paper-hanging is required for a 
room ; what square, or circle, or oblong is equal to a cer- 
tain triangle ; what size of ball is equal to a certain cube 
or square solid ; and many other things very useful in most 
trades. 

6. There are also many other parts of Geometry of much 
use to carpenters, smiths, bricklayers, masons, surveyors, 
engineers, seamen, astronomers, and to almost all other 
trades and professions, some of which are explained in this 
treatise. 

7. Geometry has two principal parts or divisions, Solid 
Geometry, and Plane Geometry , 

8. ^OLiD Geometry. The naming, measuring, and com- 
paring the shapes of solids, such as bricks, boxes, books, 
balls, pillars, stems of trees, extinguishers, and many other 
shapes, is called Solid Geometry or the Geometry of Solids. 

9. We also learn by Solid Geometry how much a box, or 
cistern, or ship, or any hollow body will hold. This is 
called the capacity of the box or other hollow body. 

10. All solids have outsides or surfaces. Some outsides 
are flat, such as those of bricks, books, and floors. These 
flat outsides are called plane surfaces or planes. Other 
solids have rounded surfaces or outsides, as balls, trunks of 
trees, basins, and many others. These are called curved 
surfaces. Many objects have rough surfaces, but only the 
flat or plane surfaces, and the roimded surfaces, are treated 
of in Geometry, because rough or irregular surfaces cannot 
be named or measured exactly. 

11. Plane Geometry. The forms of the most common 
and useful plane surfaces are triangles, squares, oblongs. 
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icircles, and ovals. The part of Geometry which explains 
these is called Plane Geometry. 

• 12. Lines of all kinds, including the boundaries of sur- 
faces and edges of solids, are a subject of Geometry ; and 
the part which relates to lines is sometimes called Lineal 
Geometry, but it is included in Plane Geometry. 

13. Geometry, then, is one word or name for a great 
many different things, all of which have something to do 
with forms and shapes. These things are so much con- 
nected together, that many of them cannot be understood 
unless others of them are first explained. A complete col- 
lection of these things or of this kind of knowledge, when 
it is put into good order and thoroughly explained, is called 
the Science of Geometry, or Theoretical Geometry. 

14. Practical Geometry. Those parts of Geometry 
which are most useful for the common purposes of life, are 
picked out from the rest and explained, and their uses to 
workmen and others are shown. These are called Practical 
Geometry. 



II.— WORDS AND NOTIONS MOST COMMON AND 
IMPORTANT IN GEOMETRY.* 

16. There are some words and notions so important that 
nothing practically useful in Geometry can be known unless 
they are first understood. 

16. Lines. A line has length but no breadth, or the 
least possible breadth that will allow it to be seen 5 we can 
think of it as if it had no breadth. 



* The learner when going through this treatise, should draw the figures as 
Uutge and correctly as possible. 
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17. Edges and thin marks or scratches of all kin 
called lines. 

18. KiiTDS OF Lnnss. There are three sorts of 
straight, curved, and crooked, or irregular. 



\ 




19. 1st. Straight Lines are often called 
Right Lines. 

20. A straight line is the shortest way 
between two points. 



21. 2nd. OuBYED Lines are rounded: they ai 
straight in any part. 

a. Some are curved in one manner only. 

h. Others in several ways or degrees 

c. Serpentine lines are like a serpent ~n^./"v. 

d. Spiral lines go out from a middle point and 
it ; and the more they are lengthened the farther 
they go from the middle point. 

22. The outer part- or side of a curved line ^'^^j 
is called convex; the inner side is called V^^ 
concave ^ 

23. 3rd. Crooked or Irregular Lines cannot be 
sured exactly, but they can be measured /< 
near enough for common purposes, ^y^'^^^<s./ ^ 
means of several straight lines, as in 

this diagram, where the four dotted straight lines ar 
nearly the length of the irregular line. Such lines 
occur in measuring land, and in making maps, and Gee 
shows the best way to measure them and draw them. 

24. A Point is the smallest portion of space that < 
seen or thought of. It has a place but no size. Th 
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of a line are points ; also the place where two lines 
cross. 

25. Two points are said to be joined when 
a straight line is drawn from one to the other. 

26. When a line is lengthened in the same direction, it 

is said to he produced or continued, j^ b ^ 

The line between A and B is produced . B ^^ 
or continued to C. * 

27. Curved lines may be pro- . B 
duced. -A. 

28. Lines are said to meet when one line . ^ 
ends at some point of another line, but does \/ 
not cross it 



Several lines may meet, thus 

29. Lines are said to intersect, or to cut, 
when they cross each other. . 





30. One line is said to touch another when it goes to the 
other And away again without 
intersecting it. One or both of 
these lines must be curved. Two lines can touch in one 
point only. 

31. Positions of Lines. Straight lines may lie in 
several different ways, and are named differently on that 
account, viz., — ^parallel, vertical, perpendicular, horizontal, 
and inclined. 

32. Paballel Lines. 
When lines lie side by 
fdde, and would not meet 
though produced to any 

distance, they are called parallel lines, or for shortness, 
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parallels. Any one is said to be 

parallel to the other or others. 

33. These lines are not parallel, 
because they meet at one end when — 
they are produced. 

34. The opposite points of parallels 
are always equally distant. 

35. Railings, lines of the panels of a door, edges of a 
book or of paper, lines of print, railway bars, &c., are 
parallel lines. 

36. Any number of lines may be parallel (as 
all the lines of a page of print), and they may lie 
at any distance from each other. 

37. Vertical Lines oe Plumb Lines stand upright from 
the ground like a post or pillar, or the comer of a house, 
or they hang down like a string with a weight at its end, 
such as is used by bricklayers, masons and carpenters, to 
show if their work is correct. . ? 

38. Perpendiculab Lines lie direct between top and 
bottom of a paper or object, as these, A perpen- 
dicular line is sometimes a vertical line, sometimes it 
is not so. The side edge of a book or slate is always 
perpendicular to the bottom edge, although we hold the 
book or slate in different ways. But when we hold the 
side edge upright from the table or ground, it is vertical as 
well as perpendicular. 

39. Hobizontal Lines lie across, so 

They are sometimes called flat or level lines. Lines oi^ 
paper that are parallel to the top and bottom, are horizon- 
tal. Also the top and bottom edges of a door or window, 
or picture frame, or book, or slate, A straight rod or ft 
stretched string on level ground, or on the surface of watery 
is also horizoiital. 
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40. Slanting Lines are such as are not vertical, or per- 
pendicular or horizontal. They are also called \ 
inclined Unes, or oblique lines. \ / 

41. Angles. When two lines meet at one 
point, thus, the opening between them is called 
an angle. The lines are said to contain the angle, 
and to be sides or legs of the angle. 

42. Edges that meet, such as those of 
boards, books and walls, make angles. 

43. Two lines can form one, two or / 
four angles. Z— 

44. Names of Angles. Angles are 
named according to their bluntness or sharpness ; that is, 
according as their legs, when of equal length, are more or 
less wide apart. The hands of a 
clock form angles whenever one 
hand does not cover the other; 
and the angles are different when the ends of the hands 
are tnore or less distant. 

45. One angle is said to be equal to another when the 
legs of both are equally open. Such angles 
are equally sharp. These angles are equal 

and these 



+ 



n 



and these ^v / 



46. Right Angle. A right angle is formed by a 
perpendicular meeting a horizontal line. Any 
angles equal to these are right angles. 
Any one of these last pairs of lines is 
said to be perpendicular to the line that meets it. 

47. When one line meets another so as to 
form equal angles, thus, these two angles are 
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right angles, and either of the lines la 
said to be perpendicular to the other. 
48. Fold a piece of paper so as to 
make a straight crease across it (see the dark line), thtn 
fold one half, of this crease over on the other half, - 
so as to make a second crease (as shown on the 
dotted line). Four right angles will then bef 
made, which will cover each other exactly, if cut ^ 



V^A 



out and laid on each other, or if folded over each other. 

49. Most of the angles of doors, windows, rooms, and 
parts of buildings and furniture are right angles. 

50. Acute angle. An acute angle is 
sharper or smaller than a right angle. 

51. Obtuse Angle. An 
obtuse angle is blunter or 
larger than a right angle. 

52. Every angle must be either right, or acute, or obtuse. 



53. Adjacent Angles adjoin each 
other, or are next to each other. 





Two adjacent angles must be right angles, or / 
equal to two right angles. / 

54. When one line intersects another, the 
angles must be four right angles, or two __ 
acute and two obtuse angles equal together to 
four right angles. 

55. Any number of lines intersecting through 
one point, make angles equal to four right 
angles. 

56. Vertical Angles. When one line crosses or inter- 
sects another, the pairs of angles whose points are opposite 
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(viz., • and . y and . • and • •), are 

called vertically opposite, or for 

shortness, vertical angles. Each 

angle of a pair of vertical angles is equal 

to the other. There may be two pairs, three 

pairs, four j)airs, or any greater number of 

pairs of vertical angles. 

57. Angles are usually marked or referred to 
by letters. This angle is called the angle A. A 
The upper one of these angles is called the 
angle BAG or CAB ; the lower one CAD or A 
DAC, the middle letter being that at the angular 
point. 

58. FiauBES. A figure is a surface, or a part of a surface, 
quite enclosed by lines or edges, which are called its 
boundaries.* 

59. This page is a figure, so are these. 
So also are the sides of boxes, and rooms, and 
slates, and books, the tops of tables, <S?c. The 
following drawings are not figures, a a 
because the lines do not completely / v \ 
enclose the spaces. 

60. A figure has length and breadth ; it cannot have any 
thickness ; if it had it would become a solid, and be more 
than a figure. 

61. Plane Figures. This page and all these figures 

are called plane a ^^^ ^^-^ 

figures because /—\\^ 1 I C y / \ L j 



ov 




* The word Figure, in Aiithmetic, signifies a mark for a number, as 2 or 5, 
and has quite a diflferent meaning from the same word in Qeometry. Drawings 
made to explain anything, such as any of those in this book, ore also called 
Figures, but Diagrams is their correct name. 
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they are plane-bounded surfaces. So also are ,flooi 
ceilings, sides of rooms, panels of doors, &;c, 

62. Figures can also be made on curved surfaces, as wh< 
part of the surface of a ball, or bowl, or cup, is enclosi 
bj a line or lines. Figures can also be made on rough 
irregular surfaces, as on rough stones ; they are call< 
irregular figures, and are not particularly examined 
Geometry. None but plane figures are treated of 
Elementary. Geometry. Those on curved surfaces are not 
useful, and are more difficult to measure perfectly. 

63. Rectilineal Figures. Figures ^^v 
made with straight (or right) lines only, | / 
as triangles, squares, &c., are called \ — >^ 
right-lined or rectilineal figures. 

64. Cuevilineal Figures are those which 
are made with curved lines only, as circles 
and ovals. 

65. Figures can be made partly 
with right lines and partly with 
curved lines. These are sometimes 
called mixtUineal or mixed-line figures. 

66. Figures can also be made with irregular lines. 

67. A surface that is enlarged in the same direction 
said to be prodtuxd^ like a piece of flat doubled paper wh 
unfolded. . 

68. The altitude of a ^ c — v 






7Z21 



figure is its perpendi- X j\ j\\ 

cular height, or the 

shortest distance between two parallels, which the figi 

would lie between exactly. 

69. Plane Rectilineal Figures. A figure cannot 
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made by one straight line, or by . 

two straight lines. Three straight ZI^Z / V 

lines are the least number that / ^ 

will enclose a space. And the figure so formed 
must have three angles. 

No one of these threes of 
lines is a figure. 




70. Figures can also be made with any number of 
straight lines greater than three. Such 



o- 






figures have different names, according 
to the number of their boundary lines. 

71. Triangle. A figure made by three straight lines 
is called a triangle, because 
it has three angles. Tri 
means three 5 triangle, 
therefore, means a three-angled figure. 

72. The lines are called sides of the triangle. 

73. The side that is lowest is generally called 
the base line or the base; but any side may be 
considered as the base. i>a«e 

74. The angle opposite the base is called the apex or 
vertex of the triangle, or the vertical angle. The words 
apex and vertex mean top. 

75. The other two angles are called the angles at the 
base. 

76. Kinds of Triangles. Though a triangle must 
have three sides and three angles, the sides may be of dif- 
ferent lengths, and the angles of different sizes. Several 
different names are given to triangles to show the compar- 
ative length of their sides, and size of their angles. 
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77. Ist. Triangles are distinguished and named acoor^Dg 
to the comparative length of their sides* 

78. The Equilateral Tbianole has three 
equal sides, equi means equal; lateral means 
sided. It has also three equal angles. 

79. All equilateral triangles are of precisely 
the same form, and have the same angles, although Bome 
cover more space than others. Figures which have the 
same form are called similar figures. 

80. The Isosceles Triangle has two 
equal sides only. The remaining side of an 
isosceles triangle is called the hase* 

81. The Scalene Triangle has 
three unequal sides : hut any two 
of its sides must he longer than the 
third. 

82. A triangle cannot he made with three lines unlees 
any two of them are longer than the third, as 
may he shewn hy a folding rule. 

83. 2nd. Triangles are also distinguished and named 
according to the size of their angles. 

84. An Acute Angled Triangle has three acute angles. 

85. It may he equilateral, or isosceles, or scalene. Its 
angles may he all equal. It is then called an equiangular 
triangle, which is also equilateral. 

86. A Right Angled Triangle has one right angle and 
two acute angles. It cannot have more 
than one right angle : and it cannot 
have an ohtuse angle. 

It may be isosceles or scalene. 

The longest side, which is always opposite the right angle, 
is called the hypothenuse. 
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87. An Obtuse Angled Triangle has one obtuse and two 
acute angles. It cannot 
have a right angle; or 
more than one obtuse angle. 

It may be isosceles or scalene. 

It maj have two angles equal; or all unequal. 

88. The largest angle of a triangle is opposite to its long- 
est side. A longer side is opposite to a larger angle than 
a shorter side. Equal sides have equal angles opposite them. 

89. The three angles of any triangle are equal, together, 
to two right angles. (See No. 328). A. 

90. Triangles are usually marked by three 

letters thus 

B 
The left of these two adjacent triangles ^ 

is called the triangle ABC, or BAG, or 

CAB. The right one is called ACD, or 

ADC, or DAC. B c D 

91. FouB-SiDED Figures. Four-sided figures are also 
called quadrilateral figures, as quadrilateral means four- 
sided. They are also called quadrangular figures or quad- 
rangles, which means four-angled figures, because a four- 
sided figure must have four angles. 

92. They are named according to the comparative length 
of their sides, and the size of their angles. 





93. They may have all their sides equal, as 



or all unequal 

and all the angles equal or all 

unequal ; or two or three only / S^ 

of their sides and angles may ^ ^ 

be equal. 
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94. The Squabe has four equal sides and four r^ — ■ 
nght angles, therefore it is said to be equilateral 

and equiangular. Its opposite sides are parallel. 

95. The Oblono or Rectanole has only 
each opposite pair of sides equal. All 
its angles are right angles. 



96. The Rhomb (Lozenge or Diamond) has equal sides, 

and the opposite pairs parallel. But only 

each pair of opposite angles are equal, one / / 

pair being acute, the other obtuse. / / 

97. The Rhomboid has only the ^ . 

opposite pairs of sides equal and \ \ 

parallel, and only the opposite pairs of 

angles equal ; one pair being acute, and the other obtuse. 

98. Trapezium. All other four-sided 
figures are called trapeziums. They may 
have two sides equal 

or three sides equal 






or all unequal 



or pairs of sides may be equal 

but not opposite pairs. One pair of sides may be parallel, 
not more, or none may be parallel. They may have two or 
three angles equal, or none. 

99. Rectangle. Any four-sided figure that has four 
right angles, is a rectangle, but the name is most frequently 
given to the oblong. 
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100. A Parallelogram is any foiir-sided figure that has 
its opposite sides parallel. Parallelogram means parallel- 
drawn ; squares, oblongs, rhombs, and rhomboids, are 
parallelograms. 

101. The Diagonal is a line that crosses 
obliquely from angle to angle 




A four-sided figure can have two diagonals. «— —^ 

A diagonal divides a parallelogram into two j^><^ 
equal triangles. '^^- — -^ 



102. Polygons. Any rectilineal (right-lined) figure that 
has more than four sides is called a polygon. Poly means 
many, and gon means angle. Polygons may have any 
number of sides and angles ; but the number of the sides 
and angles must be the same in any one polygon. 

103. A polygon may have all its sides equal, and all 
its angles equal; in which case it is called a regular 
polygon. Or a part only of its sides or angles may be 
equal ; it is then said to be irregular. 



Pentagon. A five-sided figure is called a 
pentagon. 




Hexagon. A six-sided figure is called 
a hexagon. 



16 PRACTICAL OEOXETBT* 

Heptagon. A seven-sided figure is called a heptagon. 



Octagon. An eight-sided figure is 
called an octagon. 



y 



NoNAGON. A nine-sided figure is called a nonagon* 
Decagon. A ten-sided figure is called a decagon. 
Dodecagon. A twelve-sided figure is called a dodecagc 

104. The first syllable of each of these names is t 
Greek word for a number, namely, for 6, 7, 8, 9, 10 and ] 
The last syllable gon, is the Greek for a knee or angle. 

105. When we speak of a pentagon, or any other pd 
gon, we usually mean a regular one, unless we say to t 
contrary. 

106. Triangles are by far the most useful of the rec 
lineal figures. All other figures can be divided into triangL 
and measured by means of triangles. 

107. Four-sided figures are next in importance 
triangles; and of much greater use than polygons. 

108. Curvilinear Figures, or figures made wi 
curved lines on a plane. A great variety of figures c 
be made having one curved line as a boundary,, but oi 
two, namely the circle, and the oval (or ellipse), are 
much practical use. 

109. Circle. The circle has one curvilineal 
or curved-line boundary, which is called its 
circumference, 

110. The plane enclosed by the circumference 
is called the disc, 

111. The Centre of the circle is a point equally disti 
from every part of the circumference. 
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igfMnt 



112. Anj line from the centre to the circumference is 
called a radius or ray. (Radius is a Latin word, ^ — ^ 
and its plural is radii, not radiuses; we say two Av ^\ 
radii, three radii). All the radii of a circle are 
of the same length. 

113. Any straight line which crosses a circle, 
and passes through its centre, is called a dia- 
meter* A diameter is made of two radii : it 
is the longest line that can he made in a circle. 

114. A circle is divided hy a diameter, into 
two halves, called semicircles, 

116. A part cut off a circle hy one , \^ 
straight line, is called a segment of a 

circle. Its curved line is called an arc or __^^ 

arch. Its straight line is called a chora CHotA 

or cord. A chord is opposite to, or subtends an arc. A 

segment may he a semicircle, or any larger or smaller 

part of a circle. It is 

hounded hy a right line 

and a curve. 



116. A Sector is a part cut out of a 
circle by two radii. It is bounded by 
two straight lines, and one curved line. 

117. When two diameters cross a circle, at 
right angles, they divide it into four quarters 
or sectors, which are called quadrants. 



118. Any line touching a circle, but not 
going into it, is called a tangent. 
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119. Any line cutting through a circle, 
is called a gecant. 



120. Two circles are said to be concentric 
when they have the /^""V^^ /^"^s/^^N 
same centre; and ^-(0 ) ( I ) 
centric when they have ^-'^^-^ — 

different centres. 



121. Oval and Ellipse. The ellipse and ^/^^^ 
oval have a circumference and a disc, but no / A 

central point from which every radius is equal. I I 

All parts of the circumference of these figures \ ^ I 

are not curved alike. \ / 



122. Their breadth compared with their length, 
may vary very greatly. 



123. They have one diameter longer 
than any other that can be made in them ; 
and one shorter than any other. Each of 
these diameters is called an cuvis. The 
longer axis is called the transverse axis — ^the 
shorter, the conjugate axis. All other dia- 
meters must be shorter than the transverse, and 
longer than the conjugate axis. 

124. The ellipse is sometimes called an oval; 
but there is a difference between an ellipse and 
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an oTal. The OTal is formed of parts of difTerent circles 
joined together. The ellipse is not made up of parts of 
circles. It is curved diflferently from a circle in every part ; 
and is a more perfect figure. But the difference between 
an oval and an ellipse, if they have the same axes, is very 
slight. 

125. There are two points within an 
ellipse, by means of which it can be 
drawn, as is shown in No. 310. Each 
of these points (A and B) is called a 
focus; in the plural, foci. 

126. The Eoo-Shaped Oval and Ellipse 
have one end rounder than the other. (See 309, 
312—14.) 

127. Various curve-lined figures can be made 
on a ball or any other curved surface, as a watch 
glass. The sur£Eu;e of such figures is not a plane. 

128. Ibbeottlab FiauBES. Figures bounded by irregular 
Unes are not included directly in Qeometry, as they cannot 
be distinguished, or named, or measured, with perfect 
accuracy. When the regular figures above-noticed are 
understood, the irregular ones can be estimated or mea- 
sured with sufficient accuracy for common purposes, as is 
shown in No. 332. 

] 29. The Area of a figure is the quantity of space which 
it covers. 

130. Two figures are eqtual if they have the | . | . 

«ame area, as 




also. 



I I 



and, 





^^ 



20 PRACTICAL GfiOKETBT* 

131. Figures are similar if they have the 
same form, as these 



D 





or these. 



They may be equal or unequal in area. 

132. Figures are identical when their y^ * 
area and form are the same ; that is, when / \ / \ 
they are equal and similar. 

133. A figure is symTnetrical if one 
half will fold over on the other half, 
and cover it exactly. 

3 34. Two figures are st/mmetrical when, if one be folded 
over, or turned over, upon the >v ^v 

other, they will cover each other /I |\ JIT TX 
exactly, as these pairs iJU LA LUU ULLi 

135. Planes may be parallel to each other, as the opposite 
walls of a room ; or horizontal, as the surface of a pond ; 
or vertical, as the walls of a house. An edge of several 
planes may meet at any angle, as a door more or less open 
with the adjacent wall. Two or more planes may also be 
conceived to intersect. 

136. Solids. A solid must have length, breadth, and 

thickness. 

137. Solid objects have an infinite variety of shapes; 
but Geometry teaches how to measure and calculate a few 
shapes only, that are very simple or regular, and are easily 
distinguished from all others. When we know how to mea- 
sure and compare objects of these regular shapes, all other 
shapes, however irregular, can be calculated or estimated 
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by means of the former, not quite perfectly, but with suffi- 
cient accuracy for all useful purposes. 

138. The chief shapes that Geometry treats of are cubes, 
prisms, pyramids, cylinders, and cones. 

139. Solids are distinguished by the kind or number of 
parts of their outside or surfetce. These outside parts are 
said to bound or enclose the solids. 

140. The boundary or outside of some solids is separated 
hy edges or lines, into distinct portions. 
These portions are either wholly planes, as in 
a square box or cube, which are csiHed. faces or 
sides: 





or are partly planes and partly curved surfaces, 
as those of a cylinder or cork. 



Or they consist of several curved surfaces 
united, as in a plum stone or cockle shell. 

141. Some solids, as balls and eggs, have only one con- 
tinuous surface, without lines, edges or angles. 

142. Solids have 

I. Plane faces or surfaces, 

II. Curved surfaces. 

III. Surfaces, partly plane, partly curved. 



1. — Solids with Plane Faces. 

143. The Cube is a solid with six square 
faces of the same size. It has eight solid 
angles, each formed by the meeting of three 
right angles belonging to three adjacent sides. 
The lowest face is called the Inue; the upper 
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face, the top. Dice, and perfectly square boxes are of thit 
shape. 

144. The cube is the standard of measurement for mea- 
suring solids; that is, we calculate or state what cube or 
cubes of a known size, the solid which we xneaaure is equal 
to : because the cube is the solid which is most eaaly 
understood and calculated. Thus, when we desire to name 
the bulk or solid contents of a ball (or any object), we make 
the proper calculation, and find (if the solid be smaU), ^ai 
it is equal to so many cubic inches, that is, cubes which 
have a square inch for each face : or if the solid be laxge,to 
cubes that have a square foot, or a square yard for each fiuse. 

145. The Pbisk is a solid with five faces, or any greater 
number. These faces must be rectilineal figures. A prism 
has a face at the bottom and one at the top of the same 
shape and area, which are parallel, and are called bases. 
The remaining faces are of the same number as the edges 
of a base, and they must be parallelograms^ 



The THBEE-smxB o& TBiAKQULAB Pbism has 
triangles for bases. 



The FouB-siDSB or QvADBANOirLAB Pairac 
has squares for bases. It may also have squares 
for sides, in which case it is a cube. 



The FiTE-SiDED or Fentagokal Pbism has 
pentagons for bases* 
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The Six-sided or Hexagonal Pbism has 
hexagons for bases. 



146. The Paeallelopiped is a quadrangular prism, 
which usually has oblongs for sides and bases, and each 
opposite pair of &ces must be parallel. Bricks are of this 
shape ; and so, usually, are books, blocks 
of stone, logs of wood, rooms, houses, 
and boxes. Manufactured articles are 
most frequently made of this shape. Any 
solid that has three pairs of parallel sides, may be called a 
parallelopiped. 

147. Pyramids have rectilinear figures for bases ; but 
their sides, which are triangles, diminish upwards till they 




unite in one point or solid angle, called the apex. 



Thbee-sided or Tbiangulab Ptbamids 
have^triangular bases and sides. 




FOUB-SIDED or QUAPBANOULAB PtBAMIDS 

have four sides and a^ square base. 




FivBHSiDBD or Pentagonal Pybamids have 
five sides and a pentagon for base. 



Six-sided or Hexagonal Ptbamids have six sides and a 
hexagon for base. 
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Pyramids may have any larger number of faces, ai 
base must have as many sides, 

II. — Solids with Cubtbd Sitbfaces. 

148. Sphere. The sphere, globe, or ball has a sur. 
rounded equally in every part, and not separated i 
distinctly marked parts, like the cube and other pla 
faced solids. 

149. It has a middle point or centre equally distant fro: 
every part of the surface, which no other solid has. A Un 
from this central point to the surfeice is called a radius* 

150. Any line passed through the centre of the spherOi 
from one point of the surface to the opposite point, is 
called an axis of the sphere, and the sphere would spin 
evenly round it. 



151. The two extremities of the axis are 
called p6le8. 

152. A line drawn round the sphere, 
equally distant from the poles, is called the 
equator^ which means an equal divider. It 
is also called Vk large circle of the sphere. 



Every circle round the sphere, which is not 
an equator, is less than that circle, and is 
called a small cirde of the sphere. 




FKA-CfldAIi ( 

153. A broad ring or belt rovmd a sphere is called a 

104. Spebboix. a spheroid ia a rounded solid, » 
thing like a, sphere ; but it is either lengthened 
out at two poles, or. flattened at two poles 

155. Wheait is lengthened out, it is called a I 
pralaU ^heraid or an dliptoid, because its \ 
outline ii like an ellipse, as plums, coc< 
nuts,^, 

156. When it ia flattened at the poles, 
like an orange or apple, it is called an 
oUaU sphtrmd, The world is an oblate 
Bpheroid. 



m. SOLIDB WITH BdBFACEB PAET PlANH AHD PARF 

Cdrtbd. 

107. Ctlikdeb. The cylinder has two 
parallel bases, which are drdes, and a 
curred suibce between them, which joins 
them. Corks, pillars, rollers, and stems of ; 
trees are of this shape. : 

158. Code. The cone has a drcular base, 
and a curved surface which conttacte as it 
rises, till it ends in a point, like an extin- 
guisher. 

. 109. An irregular cjlinder and cone can be made on oval 
basee, with a corresponding change of the curred surface. 
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160. Right and Oblique' Solids. A parallelcqi^ped, 
prism, pTramid, cylinder, or cone, that stands upright oi 
its base, is called a right parallellopiped, a right prism, in 

161. When either of these 
solids will not stand upright, or 
vertically, on its base, but leans 
to one side, it is called an 
oblique prism, or cylinder, &c, 

162. The Altitude of a solid is its vertical hdght, o 
the length of a vertical line from its base to its highest sid 
or point. See dotted lines in last two diagrams. 

163. Regular Solids. A solid that has all its fajoea c 
the same form, and inclined at the same angles to eao 
other, is called a regular solid. There are only five of thee 
regular solids, namely : — 

1. The Tetragon, or three-sided pyramid with four eqw 
equilateral triangles for faces. 

2. The Hexahedron, or cube, with six equal square face 

3. The OcTOHEDRON, or double four-sided pyramid, wit 
eight equal equilateral triangles for faces. 

4. The Dodecahedron, with twelve equal pentagons f( 
faces. 

5. The IcosAHEDRON, with twenty equilateral triangl< 
for faces* 



ELEMENTARY PRACTICAL GEOMETRY. 

164. The two most important operations in Practics 
Geometry, are to make straight lines and circles. 

165. To MAKE Straight Lines. If we have a rule^ ( 
any straight edge^ straight lines can be ruled against it, o 
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paper, with a pencil, pen, or chalk point; or scratched on 
wood or metal, with a hard point. 

166. The point which we rule with should he held close 
to the straight edge; and the hand should be kept in the 
same position, and moved steadily in the same direction. 

167. To FIND IF A Ruling Edge is straight. Rule a 

line with it : then turn . 

the rule over on its edge ' 1 1 1 1 



and rule a second line I 1 I j 

parallel to the first, and 

very near it. K the edge is correct, the two lines will 
agree, and be parallel in every part : if the edge is incorrect, 
the two lines will not agree. 

168. A String or Rope stretched tightly between its 
ends, Ues in a straight line. Gardeners, bricklayers and 
other workmen, work in straight lines by this guide. 
Painters chalk a string and mark a faint chalk line with it, 
by stretching it over work which they could not rule. 

169. When ink lines are ruled with a pen against a 
straight edge that touches the paper, the ink is apt to run 
and blot the lines. On this account the bottom edge of 
the flat ruler is bevelled, or planed 
off, so that the pen's point shall not 
touch the lower edge. A round (cylin- ' 
drical) ruler is also used with a pen, — — — 
But great care must be taken that the 
pen be always held in the same position ; for if the hand 
get inclined, even slightly, in ruling the line, the point of 
the pen will gradually move as from A to B in the above 
diagram, and the line will be somewhat curved. 




lp,^ometLiv4 
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170. When it is of importance that the lines 
perfectly correct, a 
steel ruling pen is 
used, which will 
make the finest lines against a straight edgi 
blotting. 

171. If a drawing is intended to be coloured, 1 
should be used in place of writing ink, because 
runs when the paper is washed over with colour. 

172. To MAKE Circles. Circles can be made 
ways. 

173. 1st. By Tracing. Lay a penny on the j 
mark or trace a circle round it with a pencil or si 
Larger circles can be made in this way with the 
cup or basin; and smaller circles with a Iiali 
shilling. 

174. 2nd. With Pin and 
Thread. Stick a pin or round 
nail where the centre is to be. 
Tie one end of a thread round it. 
Tie the other end of the thread 
round the pencil, close to the 
point, at the proper distance from 
the centre ; and carry the pencil 
round, so as to make a curved line, which will b< 
The pencil must be held perfectly upright and ste; 

175. Circles of a large size are made in this wj 
ground, by tying a string or cord to a stick or sta 

176. 3rd. With Rod and Pin. Circles of a larg 
also be made with a rod or lath of wood, by fixin 
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to the ground 
with a pin, so 
that the wood \ 

£ 




shall travel round 

the pin, like the 

hand of a clock, jfj^^ I j jie^/kei. 

Amarkerofsome II 

kind must be 

fixed on the opposite end of the rod, to scratch or mark 

the circle. Holes for a marker can be made in the rod at 

several distances from the centre, by which smaller circles 

can be drawn. 

177. Circles can be drawn in the same manner on paper, 
by using a long narrow slip of pasteboard, which is fixed to 
the centre by a common- pin, and has a hole for a pencil's 
point to go through and mark the circle. 

178. 4th. With Compasses. Circles that are not very 
large, can be drawn most easily and correctly with a pair of 
compasses. In using compasses for this purpose, keep them 
nearly upright ; roll their head slowly round in the hand, 
and press on them equally but not heavily. 

179. It is often convenient to have compasses with a 
pencil leg, as common compasses will only scratch a line. 
If there be no p^ncH leg, a bit of lead pencil tied firmly on 
one leg, will answer the purpose. 

180. Circles cannot be drawn well when the compasses 
are veiy wide open, or when they are nearly closed. 

181. 5th. With an Angle. A circle, or part of one, can 
be made if we stick two pins or nails 
into the paper or ground, the same dis- 
tance apart as the diameter of the circle 
we want to draw, and then place a paper 
or wooden right angle, of proper size, 




J 
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between the pins, and moTC it round from one pin to tbft 
other, always keeping its sides touching the pins. Bf 
making dots at the point of the angle, as it goes round, 
half a circle will be made. We must then put the aof^ 
through on the other side of the pins, and draw the other 
half of the circle in the same manner. 

182. Builders frequently use this mode of drawing lirge 
arches, or parts of circles, in narrow places where they have 
not room to draw a circle from a centre, and they mi^ the 
triangle of three rods of wood nailed together. 

183. An arc of a circle less than a semi- 
circle, can be made in this way by using an 
obtuse-angled triangle : an arc greater than a semicircle, 
by using an angle less than a right angle. 

184. A Line made of the same Length as Anothxb Lm. 
Ist. Supposing that you 
want to make a line 
somewhere else exactly 
as long as this black line ; lay a slip of paper which has t 
straight edge along this line, and mark the length of the 
liue on the slip : then lay the slip on the place where yoa 
want the liue to be drawn ; 
make a dot at each mark 





of the slip, and rule a line 
between these dots. 

185. 2nd. The line can be measured on a rule to find its 
length in inches, feet or yards, and the required line can be 
drawn of the same length. 

18G. 3rd. If the line be long, and no measure be at hand, 
the length of it can be marked on a long rod, or on a piece 
of string or rope, and marked out by that means at the 
place where you want to make it. 

187. Surveyors and others who have to measure great 
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lengths, sometimeB use long rods, and sometimes long 
chains. 

188. 4th. With Compasses. Open the compasses so that 
their points shall he on the ends of the line ; you can then 
mark out the length of the line wherever you desire to draw 
another. 

189. If the new line is to be drawn from the same point 
or centre as one end of the given line, but 
in another direction (as is shown by the 
dotted line), place the compasses on the 
given line, as before, and draw an arc 
through the dotted line. This arc will cut 
off the same length as the given line. 

190. 5th. If the given line be divided into several parts, 
the length of the * ■ ' n i 




T — n — rr 



TV 



J 



whole line, and of FT 

each of the parts, 

can be marked on a slip of paper, and taken at once to any 

other line. 

191. The same thing could be done with compasses, but 
not at once. 

192. To HAKE A Pebpendiculab Line and a Rioht 
Akole. 

1st. By Folding Papeb. Make 

a straight fold mark, AB, across a 

piece of paper ; fold over one half 

of this line upon the other half, so 

as to make another fold, OB. 

Either of the folded lines thus 

made is perpendicular to the other, 

and each of the four angles is a 

right angle. 

193. If the paper be carefully folded, and the angles be 
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cut out, right angles and perpendiculars will 
be procured, to compare with other angles 
and lines. 

194. If the paper has a straight edge, fold 
one half of the edge on the other ; thus a per- 
pendicular and two right angles will be made. 

195. 2nd. With Oabpenteb's Squabe. The carpenter 
square is a right angle made 
of wood and iron. One side 
of it is placed on the straight 
edge of a board, and a per- 
pendicular is ruled along the 
other side of the instrument, across the board. By sawii 
off the rough end, along this ruled line, the end of H 
board is made perpendicular to its side, or at right angli 
to it. 

196. This instrument can also be used to make pe 
pendiculars on pasteboard, metal, or any thing that has 
flat surface and a straight edge. 




197. Sometimes the instrument is made thus, 
to allow of two right angles being made at the 
same time. It is called a T square. 



C 



The instrument can be made with any angle 




Or it can have a joint to allow it to open at 
any angle. 
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198. 3rd. With Triangle. A triangle made of wood or 
metal, which has one right angle, is the most 
convenient instrument for drawing perpendicu- p 
lars and right angles on paper. One cut out of 
card will answer the purpose, if the angle be 
correct. Lines ruled against the short sides form a right 
angle. 

199. To find if the triangle's right angle is correct, rule 
a line and lay one short side against it. Then rule against 
the other short 
edge. Next, 
turn the triangle 
over on the se- 
cond short edge ^a. jj v» 

and rule another line close to the first. If the instrument 
be correct, the two lines will be parallel. If incorrect, as at 
B and C, they will not be parallel. 

200. How TO USE THE Triangle. To 
raise up a perpendicular prom any point 
in a line, as from A', Place one of the 
shortest sides of the triangle upon the line, 
and rule a line against the other shortest side. 
The ruled line will be perpendicular to the 
given line, and the angle at A will be right angle, 

201. To DRAW A PERPENDIC- 
ULAR to a LINE PROM A POINT 
THAT LIES OUT OP THE LINE. 

Let A be the point. Place one 
short side of the triangle upon 
the line, and slide the triangle 
along the line until the other 
short side touches the point : then rule a line from the 

D 







point A to the line. This ruled Kne is the peqwndiedv 
required. A perpendicular can. he dnim from a pent B 
below the line, in the nine manner. 

202. If the point A he too distant 
from the line for the trian^e to reach 
it, laj a short ode of the triangle on 
the line, and place a flat ruler against 
the other short side ; then slide both 
along the line till the ruler toudiesthe 
point. A line must then be drawn 
against the ruler from the point to the line. 

203. 4th. With Compasses. To Baibs a VKsna- 

DICULAR FROM AXY Poi2?T IIT A LUfE, AS A. Take VIJ 

point B in the line on one side ^ 

of A; take another point C ^^\ 

at the same distance on the 
other side of A ; fix one leg of { 

the compasses on B as a centre, ^j { , 

and take any length with the CAB 

other leg greater than AB, and draw an arc at F. Now 
take as a centre, and, with the same distance in the 0(»n- 
passes, draw another arc at F. Lastlj, draw a line from F 
(the point where the two arcs cut) to A. This line AF is 
perpendicular to A. 

204. The two angles at A are right angles. If, therefore, 
we want to draw a right angle at any point in a line, as at 
A, we can do this in the same manner. 

206. If the point A be at one end of the line, or very 

near the end, we must 

lengthen (produce) the line CAB 

in the direction of C, and 

then take AC equal to AB, and do as before. 
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206. When the point A is near 
the edge of the paper, the Hne can^ 
not be lengthened. In that case, 
take any point B above the Hne, 
near the point A. From the centre 
B, with a distance BA, draw a 
circle cutting the given line at ; Join OB, and produce it 
till it meets the circumference at D ; then join DA, and 
that line will be the perpendicular required. 

207. Another Wat. Take 
a distance of four inches (or 
parts) from A to 0. From the 
centre A, with a distance of 
three inches (or parts), draw an 
arc B ; from the centre C, with C 
a length of five inches (or parts), draw another arc inter- 
secting the first at B ; join A with the point B, and the 
line AB will be the perpendicular^required. 

208. With a Peoteactob. To Raise a Peepbndi- 
CTJLAB FBOM A PoiNT A IN A LiNE. Place the lowcr edge 
of the protractor evenly 

on the line, so that the 
given point A shall touch 
the centre of the pro- 
tractor ; mark a point on 
the paper above the num- 
ber 90, at the top of the 

protractor, and join the point with A. The joining line is 
a perpendicular raised on the given line from the given 
point A. For a description of the protractor see No. 262-9. 

209. With Compasses. To Drop a Pbependigvlae 
FBOM A Given Point A without (out op) a Line, CD. 

j> 2 
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.; , -.- A V. Z. Tb* '±:ii iZ a jwrpa^cdbr to the gwBi 
:.;>, O, vr.d I4 ^ttl frici lie zrret p:cns A viilioiit tU 

2 10. T?.fir% zr^ jlazj '.zLee ""its of dnwxng or waMog 
*t ■* t p^rrp^.'ilcrrJan &L.d rizbi *-^'^^ mcojidiDg to the leogtih 
*4 Uif: \iu*A stfid the cir<r.rr*Tarirfs nnda* which thej are 

211. 7th. BLiU/rEs' 3l£7H0D WITH Cord asd Pbgs. 
W}j';n a Guilder has fixed on a place for a house, he 





nl-iu'tclmH It cord of tho proper length from A to B for the 
I'll »i it, my \i\ yiinlK, and sticks a peg in the two ends, A and 
It. I In iinw WiiniH to make a right angle at each of these 
|Miinlrt. l^'iiHi, for tlie angle at A, he takes a length of 
Mi'vtMnJ yivi'dH from A to 0, suppose four yards ; he con- 
Hmu'M (lu) liiu> Vi\ to I), also four yards from A, and sticks 
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pegs in C and D, and makes the cord longer than CD, sup- 
pose twelve yards. Next, he stretches the cord towards E, 
go that there shall be exactly six yards on each side, 
namely, from E to D, and from E to 0, and sticks in a peg 
at E* A line drawn from A to E is perpendicular to AB, 
and the angle at A is a right angle. When he has once got 
the right direction, AE, he can lengthen that line as much 
as may be required. If the building is to be square or 
oblong, he can find each of the four angles in this way. 

212. But suppose that there is a wall close to B, which 
prevents him from producing A B in that direction : he 
must find another way of marking out the ^gle. He takes 
BF four yards, sticks pegs in B and F, and ties to these the 
ends of a cord eight yards long. He then extends this cord 
tightly, so as to make an angle, of which one leg GB shall 
be three yards long, and the other leg GF five yards long. 
He then sticks a peg at G and draws a line from G to B ; 
which line is perpendicular to AB ; and the angle at B is a 
right angle. 

213. If a triangle has sides measuring 3, 4 and 5 inches, 
feet, or yards, it must be a right angled 
triangle. Also, if the sides measure 5, 12, 3 
and 1 3 inches &c . And a right angled triangle 
can be drawn with such threes of lines, as is 
shewn in No. 207. 

214. Parallels. To 
Dbaw a Line Parallel 
TO Another. Suppose that 
we want to make a line pa- 
rallel to the line A, through 
the point B. 

216, Ist. With a Card. Lay one edge of the card on 
the line, so that another edge shall touch the point B. 
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Mark the caj*d at the point B, then moTe the card towards 
the other end of the line, and dot the distance there, at 0« 
A line between B and is parallel to the line A* For dis- 
tant parallels use a board instead of a card. 

216. If there are several distanced through which we 
want to make parallels to 
A, these distances can each — 
be marked on the card, and — 
then marked on the paper, 
near the other end of theline. — 






217. 2nd. With Wood£n Tbiakole and Flat Rulb. 
Let A be the jine 
and B the point. 
Place a side of the 
triangle on the line, 
and place the flat 
rule against another 
side. Slide the tri- 
angle up against the 
rule until its upper 
side touches the point ; and rule a line (see dotted line) 
against that side ; which must be lengthened When necessary., 

218. 3rd. With Compasses. From the point B as a centre, 
and with its distance from the jg 

line, draw an arc, D, just *" "P^^^^ 

touching the line. From any 

point C near the opposite end 

of the line, as a centre, with 

the same distance, draw anothw arc, E. Then draw 

through B, a line touching the arc E, and that line wiU be 

the parallel required. 

219. Distant parallels can also be drawn in this manner 
on the ground, with stakes at B and ; and cords. 
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SSO. 4th. WiiB CoMpAaeBB. In a p&rt of die Una A, th« 
nuwt disUat from B, take ^ ^ 

tjij point C as a eentre^ 
and with CB aa a ladius, 
diaw the aro BJ>. From 
fi aa » centre, with the 
mme radius, draw the arc 
EC. From as a centre, with the distnnce BD, draw » 
second arc at B. The line which joins B and B is parallel 
to Qie line A. 

881. fith. WiiH Pakallbl Btler. A parallel ruler is 
made of two flat ^ 

equal cross pieces pN,__^>_ li I TT'^ 

«f metal jomted on. I ^ ^1 Ib'^'in 
which allow one -A- 

nile to more upwards while the other mle is kept fixed. 
The two rules alwaja keep parallel b> each other, I^ reason 
of the equal lengths of the two cross pieces. 

Flaoe the lower edge of the ruler on the line A, and, 
while keeping the lower rule stead;, move the upper rule 
nntil ite upper edge reaches the point B, Bule the parallel 
line through that point; lengthen it afterwards on either 
eide, if necessarj, 

222. Tbbtioaii or UpBiaHi Likes abd Objects, Ver- 
tical lines are abo called 
^umflinee. 

S23. To PINS IF A Post, 
OB A Wall, ob ant otheb 
Object is quiTS Ufbiort. 
Tie a bit of lead, or an^ 
small heaTj object, to one end 
of a long string : then hold - 
01 fix the other end of the 
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bricklayers, carpenters, and many other trades, for laying 
stones, bricks, pavement, floors, and other objects, quite level. 

227. 2nd. Spirit Level. Another instrument which 
is much used 
in taking le- 
vels, is a long 
narrow glass 
bottle, nearly 
filled with spi- 
rits of wine, 
a single bub- 
ble of Air (A) being left. When the glass is on a perfect 
level, the bubble keeps in the centre ; but if the surface is 
not level, as BE, the bubble runs to the upper end. 

228. To Bisect a Line, that is, to divide it into two 
equal parts. 

1st. With a Slip op Paper. Take the exact length 
of the line, on a narrow slip of paper ; cut off that length, 
and fold the slip in two exactly. 

229. 2nd. With a String or Cord. Measure the 
length on a string or Cord, and double the string or cord 
into two equally. This way is useful for long lines, when 
we have not a measure. 

230. 3rd. With a Measure. Measure the length of 
the line in inches, or feet, &c., and take half the number 
of inches, or feet, &c. 

231. 4th. With Compasses. Make 
trials with the compasses, till the 
exact half of the line is got. 

232. 6th. With Compasses. From 
one end A of the line as a centre, with 
any distance greater than half the line, 
draw an arc to some distance on each 
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side the line. From B, with tlie aune diatanoey daw s 
secondare, intenecong the fiiK above and below the line^ 
Join the two points where the area intersect. The 
joining line divides AB into two equal parts. 

233. 6th. With Woopn Trulstglx. Fifst, place the 
longest side of the trian^ on the left end of the line^ and 
trace an outer inclined line A, 

which nuikes an angle with the 
line. Xezty place the same 
wooden angle on the other end 
of the line, and draw a second 
inclined line B. Continue the 
two inclined lines till they in- 
tersect. Lastly, place one of the short rides of the woodea 
right angle on the line, and slide it towards the middle till 
the other short side (or the edge of a flat rule placed along 
it) touches the point of intersection, and rule the peipen- 
dicular. This bisects the given 
line. 

234. To Bisect an Aac. The 
arc AB can be divided into two 
equal parts, with compasses, as the 
line was, in the 4th and 5th ways 
of the last number. 



235. To Bisect an Angle, ob Divide 
AN Angle into Two Equal Angles. 
From the centre A, with any length 
shorter than a leg of the angle, draw 
the arc BC. From the point B as 
u centre, with any distance greater 
than half of BC, draw an arc at D. From 
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as a centre, with the same distance, draw another arc at 
P. Join AD ; this Hne divides the angle at A into two 
equal angles. 

236. An Equilateral Tblajc^gls dbawn on a Given 

Line, AB. From A as a centre, c 

vnih the length of the line AB, 
draw a circle. From B as a centre, 
with the same distance BA, draw 
another circle. Join AC and BOv 
The triangle ABC is equilateral^ 

237. A Rhomb Dbawn. Join the points AD and BD. A 
second equilateral triangle is then drawn; and the two tri- 
angles, when joined, form a rhomb. 

238. To Dbaw a Triangle when Two Sides, A and 
B, AND The Angle C to 

be Contained by Them^ 

ABE given. From C as a " 

centre, draw an arc D, with 

the length of A. From 

the same centre with the 

length of B, draw another arc, E. Produce, or lengthen, 

the legs of the angle till thej reach D and E, and draw the 

base line DE, which completes the triangle. 

239. To DBAW A Triangle with thbee Given Lines 
A, B and C fob Sides. But any two 
of the lines must be longer that the 
third (No. 82). 

Take A for base. From the right ^ 
end as a centre, with the length of B, 
draw an arc at F. From E as a centre, 
with the length of C, draw another arc at F. Draw Unes 
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from E and A to F, where the arcs cut. The triangle 
has three sides equal to the three given lines. 

If these sides are sticks or poles, they can be ] 
together at once in a triangle. 

240. To Draw an Angle Equal to the Given An( 
Take any points B and in 
the legs of the given angle, 
and join them. Draw a 
line EF equal to AC, and ^a 
make a triangle GEF with 
sides equal and similarly placed to those in the tr 
BAG. (See last No.) The angle E is equal to A. 

241. Another Wat. From the centre A draw i 
BC, intersecting the 
legs of the angle. 
Take any line EF as 

base, and from E as a^ . _^ 

a centre, at the dis- 
tance of AB or AC, draw the arc GF. From F as a c 
with the distance CB, draw another intersecting arc 
and join EG. The angle at E is equal to A. 

242. To Draw a Triangle when Two Anglei 
THE Side between them are Given. Make ang 
the ends of the 

given line A, y/^ c\ 
equal to the 

given angles B and C (as in the 
last No). Produce the two 
oblique lines until they meet in 
a third angle or apex. 
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243. A Square made. 1st. Folded in 
Paper. Cut out a large paper circle. 
(No. 172.) Fold one diameter : and then 
another perpendicular to the first, by 
folding one-half of the first on the other 
half. Then fold down and cut off the 
four curved segments. 



244. 2nd. With Wooden Tri- 
angle. Draw a base line 0, of the 
length wanted. At each of its ends 
erect a perpendicular, A and B, and 
make them equal to the base ; and 
join their upper ends. 





245. 3rd. With Compasses. First way as with paper- 
folding, above; namely, draw a circle and two diameters at 
right angles ; and join the ends of the diameters. 

Second way. As with triangle above, viz : erect two 
perpendiculars at the ends of a base (No 200), take each of 
those ends as a centre, with the length of the base as radius, 
and cut off an equal length from A and B, by arcs. Join 
the upper ends of these two equal lines. 

246. 4th. Third way. When the 
Diagonal only is Known, to Draw 
A Square. Bisect the given diagonal 
BE by a line at right angles to it, 
(No. 226—233). From the centre A, 
with the distance AB, draw a circle 
cutting the perpendicular at C and D, 
and join these points with B and E. BCED will be a 
square, of which BE and CD will be diagonals. 




46 



PBACTIOAL OBOXBTAT. 



247. An OsLONft ob BbotanchiB made with long and short 
sides equal to the two givoi lines A 
and B. Draw perpendiculais from 
the ends of A : make them eadi 
equal to B; and join their upper 
ends. This may be done with the 
wooden triangle or the compasses. 




248. A OiBCLE Dbawn when thb Diameteb only is 
Known. Bisect the diameter, and draw the circle from the 
centre, with half the diameter as radius. 



249. To Find the Centre op a 
Circle. Draw any chord across the 
circle, as AB ; bisect it, and raise a 
perpendicular, which must be pro« 
duced to the opposite points of 
the circumference. Bisect the per- 
pendicular at C. C is the centre of 
the circle. 




250. Another Way. Draw any two chords, not parallel; 
bisect them; and from the bisecting 
points raise perpendiculars. The point 
C, at which these perpendiculars meet, 
is the centre of the circle. 

251. By Folding Paper. When a 
circle is cut out of paper, its centre 
can be found in either of these ways 
by folding chords, and then finding the perpendiculars by 
folding one half of each chord on the other half. 
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252. To Find the Circle of which a Qiviw Arc is 
A Part. Divide the arc into any two parts, AC, CB. 
Itew diords to these two 

arcs, and raise perpendicu- 
lars on their middle points. 
The point D, where these 
perpendiculars cut, is the ^ 
centre of the circle ; and the 
circle can be drawn with a 
distance of DA, or DB, or 
DC. 

253. To Draw a Circle through ant Three Points 

WHICH ARE not IN THE SAME StRAIOHT LiNE. Let A, B, 

and C be the three points. See last diagram. Join AC, 
and BC ; bisect the lines AC and BC : and from their mid- 
dle points, draw perpendiculars intersecting in D. The 
circle can be drawn from the centre D, with a distance of 
DA, or DB, or DC. 

254. A Circle made Equal to a Giyen Square. Divide 
a side of the square into eight equal parts. Draw a line 
equal to nine such parts. This line is the diameter of the 
drcle. Bisect it and draw the circle. This method is 
nearly correct, but not quite so. 

255. To Find the Length of the Circumference of 
A Circle. Measure the length of the dia- 
meter of the circle. Draw a straight line ; 
and mark off, upon it, three times the length 
of the diameter, and one-seventh of the 
length of the diameter. If the diameter 
measure one 

foot, the cir- ft 1 ? i ^ | 

CUmference will Lmgih of Circumference. 

be three feet and one seventh of a foot ; or 3 feet If inches 
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nearly. If the circumference be a yard (36 inches), the 
diameter must be about 11^ inches. 

256. When the length of the diameter is 14 
known, multiply it by 22, and divide the product ^^ 
by 7 ; this gives the length of the circumference ; I^ 
it amounts to the same thing as multiplying the 25 

diameter by 3 andl -seventh, and avoids the fraction 

1-seventh. Example, — ^length of diameter 14. '7)308 

A more correct result would be obtained in this TT 

and the following problem, by using 355 instead ■ 
of 22, and 113 instead of 7. 

257. To Find the Length op the Diameter op a 
Circle when the Length op the Circumperence is 
Known. Multiply the circumference by 7, and divide the 
product by 22. Example. If length of circumference be 
44 ; 44 X 7 = 308; 308 divided by 22, is 14, which is the 
length of the diameter, and 7 is the length of the radius. 
If the circumference be 110; 110 X 7 = 770; and 770 
divided by 22, is 35, the length of the diameter. 

258. Measurement of Anoles. It is necessary that we 
shall be able to measure and write down the size of any 
angle, that another person shall be able to draw the angle 
from our description only. 

259. A right angle is contained by a horizontal 
and a perpendicular line. If we draw a circle, and 

make a horizontal and a perpendicular diameter in • • 

it, there will be four right angles at the 
centre, and each right angle wiU have a 
quarter of the circumference opposite it. 
A right angle is therefore said to be mea- 
sured by a quarter of the circumference of 
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a circle. If an angle be obtuse, it must 
have more than a quarter opposite it, as A : 
if acute, it will have less than a quarter, 
asB. 



260. If the circumference of a 
circle be divided into eight equal 
parts, each part will have half a 
right angle opposite it: and two 
such parts will be opposite one 
right angle ; and three parts op- 
posite an obtuse angle that is equal 
to a right angle and a half. 



261. The size of angles is measured, and described or 
written, by the number of parts of the circumference that 
an angle at the centre has opposite it. But since we can 
measure very few angles if the parts are so large as eighths 
of a circle, the circimiference is divided into 360 parts, 
which are called degrees (not parts) ; 90 degrees are opposite 
to a right angle : 45 degrees are opposite to an acute angle 
that is half a right angle. 
135 degrees are opposite an 
obtuse angle equal to a right 
angle and a half. A small ° 
is placed above a number, 
thus, 90% 45% to signify 
that the number means de- 
grees. When a circle is 
sufficiently large to have 
every degree marked upon 
it, angles of a great many 
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sizes can be measured bj 
placing the angle on the cen- 
tre, and noticing how much 
of the circumference it co- 
vers. 89 acute angles can 
be measured from 1" to 89** ; 
and as many obtuse angles 
larger than 90** and less than 
180°; for no single angle 
can be quite so large as two 
right angles, or 180". 

262. A brass semicircle, or rim, called a protntctor, i§ 
used for measuring 
angles. It is divi- \ 
ded into 180 parts, 
though, usually, 
there is only room 
on it for marking 
thefiguresfor every 
tenth number. 

263. To Measure an Angle with the Pbotbactob, 
place the angular point at A, which is the centre of the 
circle, and one leg of the angle on the diameter at AB (see 
dotted line), the other leg (dotted) goes through the 60th 
degree. This angle therefore measures 50". If there had 
been a right angle, it would have gone through 90". 

264. The degrees 
are numbered in two 
ways on the protrac- 
tor, viz: from the 
bottom of the right 
side to the left ; and 

from the bottom of 
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the left to the right. If the point of the angle lie towards 
the left, the degrees are counted on the right side of the 
protractor, viz BC. If the point lie towards the right, the 
degrees are counted on the left side, D to E. 

265. If the inclined (or upper) leg of the angle be not 
long enough to reach the curved rim of the >v 
protractor, it must be produced ujitil it \, 
does go beyond the curved rim. -^ 

266. For some purposes it is necessary that angles should 
be measured to a much greater degree of nicety. Each 
degree is then divided into 60 parts, which are called min- 
utes, and marked so 5'. Thus 30° 5' signifies that the angle 
measures 30 degrees and 5 minutes, or 5-sixtieths of another 
degree. 

267. In some cases it is necessary to measure still smaller 
angles. The minute is then divided into 60 parts called 
seconds, and marked so ". 7" means 7 seconds or 7-sixtieth8 
of a minute. 30° 5' 1" signifies that the angle measures 
7 seconds more than 30° 5'. 

268. To Divide a Quadrant into Three Parts op 
30° EACH. Let ABC be the quadrant. A^ 
From a centre B, with a radius of BC, 
draw an arc I). From a centre A, 
with the same radius, draw an arc E. 
The arc AB is divided, at D and E, 
into three equal parts of 30° each. 
Each arc would therefore be opposite c" ^ 
to, and measure, one third of a right angle. If each of 
these arcs, viz : AB, BE and EB, be divided by the compasses 
into three parts, the quadrant will be divided into nine parts 
of ten degrees each. 

269. To Make a Protractor for Measuring Angles. 
Draw a large semicircle on stiff paper or card, Bivide it by 
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a perpendicular from the centre, into two quadrants. Di- 
vide each quadrant into nine parts, as above. Divide each 
of these parts into ten parts by trials with the compasses. 
The semicircle or protractor is then divided into degrees. 
Place a number to every tenth degree, viz : 10, 20, 30 <fec., 
to 180, from right to left, and also from left to right. Then 
cut out the protractor for use. (See diagram at No.262). 



270. Pentagon. To Draw an 
Equilateral and Equiangular 
Pentagon. Draw a circle; divide 
the circumference by trials with 
the compasses, into five equal arcs. 
Draw straight lines from each point 
to the two points nearest it. 



271. Hexagon. To Draw an Equilateral and Equi- 
angular Hexagon. 1st way. 
Take the length of the radius of 
a circle in the compasses, and 
mark off six points in the cir- 
cumference. Join each point to 
the two nearest to it. 

272. 2nd way. By Tracing. 
Mark a central point : take an 
equilateral triangle cut out of 
thick paper (No 236). Place one 
of its angles in the centre, and 
make a tracing round the triangle, 
viz. , A. In the same way trace the 
triangles B, C, D, E and F round 
the central point. The hexagon 
is formed by the bases of these six 

triaDgles. 
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273. OcTAGM>N. To Draw an Equilateral and Equi- 
ANGULAB Octagon. Draw 
a square in a circle. (No. 
246.) Bisect each side of 
the square, (No. 231—3) 
and draw perpendiculars 
through the middle points 
to the circumference. Join 
the end of each line to the 
ends of the two next lines. 




274. Figures Divided into Triangles. To Divide 
ANY Figure that has more than Three Sides, into 
Triangles. 

1st way. Draw 
diagonals from 
any one angle to 
the opposite an- 
gle or angles. 

The number of the triangles is two less than the number 
of the sides of the figure. 

275. 2nd way. Make a point any where within the figure, 
and draw lines from it to each angle. By this mode, the 









number of the triangles is equal to the number of the sides 
of a figure. 

276. To Draw any Right-lined Figure Similar and 
Equal to Another. If the given figure be a triangle, draw 



J 
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another with corresponding sides as long as those of the 
first. (See No. 239.) 

277. If the given figure have more than three sides, 
divide it into triangles 
by means of diago- 
nals. Make a base 
line equal to the base 
of A, at I) ; and com- 
plete the triangle J) 
equal to A. (No. 239.) The upper side of D is equal to 
the base of B. Draw on that upper side the triangle E 
equal to B. Complete the pentagon by drawing the triangle 
F equal to C. 

278. To Divide a Triangle into any Number op Equal 
Triangles. Divide the 
base into the required 
number of equal parts, 
and draw lines from the 
apex to the points of division. These triangles cover 
equal spaces, but they are not similar. (No. 131.) 

279. To Divide a Parallelogram {i. e. a Square, 
Oblong, Rhomb, or Rhomboid,) into any Number of 
Equal Parallelograms. Divide any side into the number 






of equal parts required, and draw lines to the opposite side 
parallel to the two remaining sides. The smaller figures 
are similar to one another as well as equal. 
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280. If two acyoining sides be divided into the same 
number of parts, and parallels 
be drawn, as before, the 
smaller figures will be equal to 
one another, and similar both 
to one another and to the whole figure. 

281. To Draw a Triangle op any size Similar to any 
OTHER TRiANGLEi If the required triangle is to be smaller 
than the given triangle ABC, suppose 
with sides half the length, bisect AB, and 
from the dividing point, draw a line 
within ABC, parallel to its base BC. The 
base DE is as much shorter than BC as 
AD is shorter than AB, or AE than AC. b c 
And each angle of the smaller is equal to the corresponding 
angle of the larger triangle. 

282. If the required similar triangle is to be larger than 
the given triangle ABC, suppose a 
half larger, produce the sides AB 
AC; take BF equal to half AB, and 
through F draw FG parallel to BC. 
If the side AB measures six inches, 
AF must measure nine inches; and 
FG will be a half longer than BC, and 
AG a half longer than AC. The cor- 
responding angles of the two triangles will also match. 

283. When the sides of one figure are half the length of 
those of a similar figure, the smaller 
figure is on half the scale of the larger. 
If the sides of the smaller figure are a 
quarter or three quarters of the larger, 
the smaller is on a quarter or three 
quaiters the scale of the larger. In such 
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cases the larger figure is on twice, or four times, or one 
and a third times the scale of the smaller. 

284. To Draw a Parallelogram Similar t« a Given 
Parallelogram, and with Sides of ant Comparative 
Length, as Half as Long, Twice as Long, One-third as 
Long, <fec. If the sides of the required figure are to be the 





A. 


I 
— I L_ 



B 



^ \Q 



i Scale. i Scale. % Scale. ~ ^ Scale. 

shortest (as J, or ^, or f , or J), take the part required on 
two adjacent sides, and draw parallels from these points to 
the two opposite sides. See diagrams A, B, C and D. 

285. If the figure is wanted larger than the given figure, 
prolong two adjacent 

sides of the given i ■ i i-i / / ' / 

figure (as dotted) to '" ' '^^ 

the length required, 
and draw parallels to 
the opposite sides. 
See diagrams E and F. 

286. Similar Polygons Drawn to a Larger or Smaller 
Scale. If the similar figure is required to be smaUer 
than the given figure, divide the given figure into 
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triangles, by means of diagrams. (No. 274.) If the figure 
wanted be of half the scale, bisect the side of an outermost 
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triangle A, and draw AB parallel to the base of that 
triangle. From B draw BC parallel to the base of the 
adjoining triangle. If necessary, draw a third and fourth 
parallel CD, BE, until all the triangles are crossed. The 
inner figure is similar to, or of the same form as, the larger 
figure, and has corresponding sides of half the length. 

287. Similar figures of a quarter 
scale, one-third scale, three-quarter 
scale, and any other scale, could 
be drawn in the same manner, by 
taking a quarter, a third, or three 
quarters, &c., of the first or 
outermost line. 

288. Sometimes it is more convenient to divide the figure 
into triangles by lines 
from a central point. 
(No. 275.) Divide, 
then, either side of 
any one of the tri- 
angles, according to the proposed 
scale, and draw shorter bases parallel 
to the longer bases, as before. The inner figure is similar 
to the outer or larger one, and in both the diagrams, is 
of half the scale of the original figure. 

289. K the similar figure is 

required to be of a larger scale >//V\ 

than the given figure, draw y''\ / \ r\^^ 

diagonals from one angle, and ,X^ \l y ^\, 

produce the two outer sides, and \ / \ / 

the diagonals. (See dotted lines.) \ / \ / 

Make any outer side or diagonal \ / \ / 

double, or as much larger as is / \ 
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wanted, and draw long bases parallel to the ehort one> 
of the original triangles. Each of the large dotted figures 
ia similar to the correaponding smaller oue, and is dnwD to 
douhle the scale. 

290. Figures of three times the scale, or four times, or 
one-and-a-half scale, or of any scale larger than the original 
figures, can be drawn in the same manner. 



201. Similar figures can also 
dividing A, the plane 
of the original, into 
a immber of equal 
squares, and then di- 
Tiding the paper for 
the copy, B, into the 
same number of squares. 
Notice what parts of the original 
draw corresponding lines in the sa 



drawn to any scale bj 
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re in each square, and • 
e squares of the copy. 



When the original is a map or drawing with many small 
parts, it must be divided into many squares, and these must 
be numbered, both in the original and copy, to prevent 
mistakes. When lines cannot be drawn on the original, 
a net-work of threads may he stretched over it. Draughts- 
men frame net-work of different sizes for this purpose. 

These methods are of great use in drawing plans, maps, 
and charts, of a smaller or larger aze than the copy, and 
are constantly employed by artists, engravers, map-makrafl 
and engravers, surveyors and engineers. 

292. To Divide a Stbaioht Line A into any Kukbu 
or EqvAii Pabts. If the line A is to be divided into four 
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equal parts, let another line B, 
of any convenient length, be 
drawn, making any angle with 
A. Along thia line measure 
four equal lengths, and mark 
the end oi each, 1, 2, 3, 4. 
Join the last mark nith the 
distant end of A by the line C, 
and draw parallela to this line 
from the points marked 1, 2, 3. 
The line A is divided by these parallels into four equal 

Each of the small triangles in this figure is similar to 
the other two, and to the laigest triangle. 



293. If it be required to divide 
the line A into any number of 
unequal parts, corresponding to 
the parts of B, the division can 
be performed in the same man- 



294. To MEisvRB 
divided into in- 
ches and parts 
of an inch, (hi 




5 I 1 I 



the inches are divided into halves, quarters and eighths, in 
this manner, as can be seen on a carpenter's folding rule, 
where the inches are separated by lines across the rule, the 
halves of inches are separated by shorter lines ; the quarter 
inches by shorter lines still : and the eighths of inches by 
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the shortest lines of all. The shorteat distance that can be 
meaBurcd on this rule is the eighth of an inch. 

295. The flat scale put in boxes of instruments, has the 

inches divided into . 

tenths, in this man- 
ner; not into eighths. 

The inches and half _^ 

inches are divided in I I 1 I 1 I. i. I— f -J 

the same way as on I — 

the carpenter's rule. 

All the other divisions marked with very short lines, are 
tenths of an inch ; for the quarters and eighths cannot be 
shewn by this manner of dividing. The tenth of an inch 
is the shortest distance that can be measured on this rule. 

S96. DiAQOMAi, Scale. But a part of this rule is nsuallj 
divided to allow of much smaller ,„ , , , . ^ ^ , , , 
lengths being measured. The 
top and Iwttom of a square inch 
are divided into ten parts. These 
parts are joined hyiuclined lines. 
The two sides are divided also 
into ten parts; but these parts 
are joined by horizontal lines. 
The distance between any two 
a^oining inclined lines is one tenth of an inch. 
But the distances between the first inclined line 
and the ^de of the square, vary in length from one 
tenth of an inch at top to one hundredtli of an 
inch at bottom. The same is the case vrith the 
last inclined line and the left side of the square, 
except that the size of the parts diminisbeB up- 
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297. By this addition to the scale or measure, lengths of 
inches, tenths of an inch and hundredths of an inch can be 
measured. Thus, the highest dot in the square, measured 
from the right perpendicular, is ^ths, -jjoths of an inch long. 
The next dot is -ftths, i^ths. The third dot is ijths, ^J, ths. 
The lowest dot is -^ths and -fj^th of an inch. 

298. When the flat scale is small, a half-inch is taken for 
division in this manner, instead of an inch ; and also a 
quarter of an inch. The parts measured on the former are 
^th of an inch, ^ogths, ^ths, and so on to ^'j^ths, which is 
j^th of an inch, being the base of the whole triangle formed 
by the inclined line and the perpendicular. On the quar- 
ter-inch scale, the parts are ^th of an inch, ^ths, and so 
on to the base of the whole triangle, which is ,'^ths, the 
same as ^th part of an inch. 

299. A drawing or plan can be made to any scale we 
chose : that is, we can take any other length than an inch, 

such as this and divide it into tenths ; and also 

make a square scale, like that above, to divide it into hun- 
dredth parts. 

300. To Draw a Parallelogram Equal in Area to 
ANY OTHER OF A DIFFERENT Shape. All parallelograms, 
on the same base and between the same parallels, have equal 




areas ; that is, they cover an equsCl surface. They are also 
equal if they are on equal bases and between the same par- 
allels. Or if they are on the same bases, or on equal bases, 
and of the same altitude, or perpendicular height. (No. 68.) 
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The square A covers as much space as eith^ of the two 
dotted rhomboids, inclining to the right and left. The 
oblong B is equal to either of the two dotted rhomboids on 
the same base. 
These three figures are also equal: being on equal bases. 
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and of the same perpendicular height, which is shewn by 
the equal dotted perpendiculars. 

301. A parallelogram on half, or a quarter or three quar- 
ters the base of another, and between the same parallels 



A 


B 


C 


D 





I K 



(or of the same altitude) has half, or a quarter, or three 
quarters the area of the other. The narrow figure A is a 
quarter of the large oblong. The figure made up of ABC, 
is three quarters of the whole oblong. The rhomboid E 
has one-third of the surface of the rhomboid EPG. The 
rhomboid II is half of the oblong IK. And the oblong I 
or K is also half of the whole oblong. 

302. If a parallelogram be on the same base as another, 
but only of half, or a quarter, or three quarters the altitude, 
it will cover only lialf , or a quarter, or three quarters of the 
8ui-{i\co, as is seen by turning several of the above diagrams 
8ido\Tays. 

303. A Parallelogram Drawn Equal to a Gives 
Tria^olk. a parallelogram has double the area of a tri- 
angle on the same base (or on equal bases), and between the 
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same parallels (or of the same altitude). Bisect the base 
of the triangle by any line, and draw a line through the 



M 




a:/ 




apex (or top angle) parallel to the base, to meet the bisect- 
ing line. Draw another line parallel to the bisecting line, 
which will complete the parallelogram. 

We can also draw the equal parallelogram on any line 
equal to half the base of the triangle, provided we keep 
the altitude of the two figures equal. 

304. If the parallelogram be drawn on the whole base of 
the triangle, it 
must have only 
half the altitude 
of the triangle. 
If it be drawn on 
a quarter of the base, it must have twice the altitude. 

305. A Triangle Drawn Equal to ant Parallelogram. 

Ist. Draw a diagonal across the parallel- ^^ 

ogram : the parallelogram is then divided I /\ A / 
into two equal triangles. ^ ' / j/ 

2nd. Double the base, 
and join the farthest end 
B to the apex of the first 
triangle, a second tri- 
angle is then formed, equal in area, to that on the first base. 
These triangles together form one larger triangle, which is 
equal in area to the parallelogram. 

Or an equal triangle could be drawn on any line double 
of the parallelogram's base, with the same altitude, 
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306. To Make a Square Equal to ant two Other 
Squares. Make a right angle with one side 
of each of the two smaller squares. Join 
the distant ends of the sides ; and on this third 
line draw a square, which will cover an area 
equal to that of both the smaller squares. 



D 





307. Oval. To Draw an Oval. Divide a line into three 
equal parts. Draw a circle from the centre A with the 




distance AB, and another circle from the centre B, and 
with the same distance. 

From the point of intersection E, and a distance of two 
parts, draw an arc above F to join the circumferences of 
the two circles. From the point F, with the same distance, 
draw an arc below E, which completes the oval. 

308. A Long Oval Drawn. Divide the line into four 
parts. Draw two circles from centres A and B, with radius 
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of one part. Then take A and B as centres, with a distance 
of two parts, and make arcs cutting at E and F. From £ 



^ 




^ 



and F as centres, with a distance of three parts, draw the 
arcs G and H, joining the circumference of the circles. 

309. An Egg-shaped Oval 
Drawn. Draw a semi-circle ; 
draw a perpendicular from 
the middle of its diameter. 
From the ends of the di- 
ameter A and B, with the 
length of the diameter, 
draw arcs BD, AC. With 
centre E, and four-fifths the 
distance of EF, draw a small 
arc to unite the two larger 
arcs, and complete the oval. 
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310, An Ellipsb 
Dbawk. Stick two pins 
A and B upright into / 
paper on a board. Tie f 
one end of a stout / 
thread to each pin, but / 
let the thread be very 
loose. Cut a notch as 
near as possible to the 
point of a pencil; put 
the thread into that 
notch, and mark round 
with the pencil, always 
keeping it upright and 
the thread stretched. ^*-^, ^,-''' 
The less loose the thread 

is, the narrower the ellipse will be. (See No. 124.) 

Large ellipses, such as garden beds, can be drawn on the 
ground in this manner, with a cord and pegs. 

311. An Ellipse Drawn op a Given Length ihd 
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Breadth. Supposing that an ellipse is wanted to meason 



PRACTICAL OlOXETRT. 



67 



iches the longest way, and four inches the shortest 
Draw a horizontal line AB six inches long, bisect it 
perpendicular line CD four inches long. From the 
3 0, with the distance EA, draw arcs F and G on the 
)Dtal line. Stick pins upright in F, G, and 0, and tie 
)Dg thread tightly round them. Then take out the 
t C, and draw the ellipse by keeping the thread 
led with the point of a pencil, as was done in 
10. 

. A Compound Ellipse Drawn. Draw a perpendi- 
bisecting a horizontal line, but make the lower part 
J perpen- 
r much 
' than the 

part of 
?ix four 
or nails 
it into 
ids of the 
and tie a 
thread 
r round 
Take 
the top 

Extend 
read with 
)oint of 
icil, and 

a curved " ''' 

U round, as was done in drawing the ellipse. 

. A great variety of beautiful forms can be made by 
Lg the length of the perpendicular in comparison 
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with the length 
of the hori- 
zontal line. 
Also, by mak- / 
ing the lower | 
part of the '• 
perpendicular 
longer or short- 
er; but it ^ 
should never be \ / \ / 

less than twice " — ' *^ '' 

as long as the 
upper part. 

314. This is a much more perfect figure than the egg- 
shaped oval, 

and can have ^ ., 

an infinitely 
greater vari- 
ety of forms. 
It is of much 
use in manu- 
factures and 
ornaments. 

New forms '**-^ ^-'''^ 

of tea - pots, 

cups, jugs, vases, urns, mouldings, and ornaments of many 
kinds can be designed by cutting out these figures, and 
tracing the whole, or part, of one or more of them for the 
object to be designed. (See Hay's First Principles oj 
Symmetrical Beauty , parts III and IV, for many varieties.) 

315. A Spiral Line Drawn. Draw a straight line, and 
divide it into a number of equal parts. Take a middle part 
BC and bisect it. From its centre A, with a length AB, 
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^*^>/v a semicircle. From the centre B, with the length 
""C, draw a second semicircle, joining one end of the first 




^t 0. From the centre A, at a distance AD, draw a third 
^micircle, joining the second at D. From the centre B, 
^t the distance of BE, draw a fourth semicircle, joining the 
third at £. Draw a fifth semicircle from A, and a sixth 
^m B, and keep on changing the centres, and encreasing 
distances, until a sufficient length of spiral is drawn. 



SQUARE MEASURE. 

316. Square. To Find How Much Space a Square 
Covers. This is called its square measure, because we find 
how many smaller squares of a known size, it is equal to ^ 
such as square inches, or square feet &c. 
This is also called the area of the square. 
Multiply the length of one side by itself. 
A square with a side 3 inches long, (called a 
3-inch square) measures 3 times 3 or 9 square 
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inches, or squares with one inch ridea. A ywd squue e«- 

aurea nine square feet. 

A Equare ten Inches in the side 
(or a ten-inch square) covers an are« 
or Burfoce of 100 square inches; 
for 10 times 10 are 100. 

A foot square measures 144 square 
iuches, because a foot ia 12 inches, 
and 12 X 12 = 144. 

If the side of a square is not an 
exact number of feet or yards *c., as, for example, two 
yards and two feet, or two feet and five inches : two yaids 
two feet are eight feet; 6 x 8 = 64 square feet. 64 di- 
vided by 9 are 7 square yards, 1 square foot, the area of the 
first square. 2 feet 5 inches are 29 inches : 29 X 29 = 841 
square inches ; 841 divided by 144 are d square feet 131 
square inches, the area of the second square. 

If a surface covers one or more square yards, wo can find 
how many square feet it covers by multiplying the yards by 
9. If it cover 4 square yards, it must cover 4 x 9 or 36 
square feet. We can also find how many square inches it 
covers by multiplying the square yards by 1,296, for 
36 X 36 = 1,296. 

If a surface contains one or more square feet, we can 
find the square inches it covers hy multiplying the square 
feet by 144 ; because 12 inches multiplied hj 12 inches = 
144. A table containing 3 square feet of board has a sur- 
face of 3 X 1** or 432 square inches. 

317. Oblonq or Rectanolh. To Find its Aeba ob 
8cRFACB. Multiply a. long side by a 
short side. An ohlong 3 inches by 4, 
that is, with short sides 3 inches each, 
and long sides 4 inches, i 
tiiaea 4 or 12 square incbes. 
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A rectangle 6 inchea by 8 inchefl measuMB 6 x 8> o' 48 
square inches. 

318, Ehosb abd Rhomboid : ro Find Thbib Area. 
Multiply the length 
of the baw bj the 
altitude or perpen- 
dicular height. A 
Bhomb of four feet 
haae and duee feet altitude, has a 
of 4 X 3 or IS square feet. A rhomboid 
of 2 feet base and 5 feet altitude has an area of 10 square feet. 

319. TaiABaLfl : To Fihd its Arba ; oa" thh Space ii 
Covers ; oa its SQUAaG Meabdbe. Multiply the length 
of the base by the altitude (or perpendicular height) and 
^ride the product by 2. 

If the base measure 4 inches, and the 
altitude be 2 inches, twice 4 are 8, aud 
half 8 are 4. The surface or area of this 
triangle measures 4 square inches. 

In these diagnune the altitude is dotted : 
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A measures the half of 4 times 3 which is half 12 or 6 sq. ins. 
S » » 2 „ 4 „ 8 „ 4 „ 

C „ ,y 5 „ 4 „ 20„10 „ 

D ,, „ 5 „ 7 „ 35 „ 17i „ 



36 „ 18 



?> 



320. Polygons. To Find the Area of ant Fioube 
WITH More than Three Sides. Divide it into triangles^ 
(as in Ko. 274) : measure each triangle (No. 319), and add 
their measures together. 



321. This Trapezium is composed of two triangles : one 
of which measures 5 in base, and 2 
in altitude ; and its area is the half 
of 10 square inches or feet <fec. The 
second triangle measures 5 of base 
by 3 of altitude. Its area is the half 
of 15 or 7i. Total area of trapezium 
12i square inches. 




322. This Pentagon is divided into three triangles. The 
middle one has a base of 3, and 
altitude of 4, and measures 6 
square inches &c. Each of the 
side triangles has a base and alti< 
tude of 3, and measures 4 J square 
inches <fec., together 9 square 
inches : 9 and 6 are 15 square 
jDcheSy the square measure of the whole pentagon. 
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323. This Hexagon is divided into 4 triangles 




A base 3, altitude 3, area 

3 
2 „ 6 

D „ 6 nearly 2 ,, 



B „ 6 



C „ 



jj 



3X3 

2 
3X6 

2 
2X6 

2 
6X2 



4i 
9 
6 
6 



Total area or square measure, 25^ square 
inches, or feet <Sz;c. =^= 

324. To Find the Area op any Regular Polygon, 
(that is, op one with Equal Sides and Angles) when 
THE Length op one Side and the Centre are Known. 

Multiply together the 
side AB, and the perpen- 
dicular to the centre, 
and also the number of 
sides ; and take half the 
product. If AB be 10, A ~D^ b 
and CD 9, and there be six sides, then 10 X 9 = 90, and 

90 X 6 = 540 ; and ^ = 270. 

If we do not know the centre, it can be found as in the 
next number. 





A D B 
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325. To FiKD THE Centre op ant 
Reoulab Polygon. Bisect any two sides ; 
and raise perpendiculars from the middle 
points. The point in which these perpen- 
diculars cut is the centre of the figure. 

326. Circle. To Find the Abea ob Space a Cibclb 
Covers ; which is also called its square measure, or squaring 
the circle. This cannot be found with perfect correctness ; 
but sufficiently correct for all useful purposes. 

Multiply the radius of the circle by half the length of its 
circumference. 

It also amounts to the same thing if we multiply the 
diameter of the circle by a quarter of its circumference : 
or if we multiply the diameter by the circumference and 
divide the product by 4. 

If radius be 7, the half circumference is 22, (No. 255) 
and 7 times 22 is 154 squares, (inches, or feet, or yards &c.) 
or, the diameter being 14, the circumference is 44 : then 

44 X 14 = 616 : and ^ = 154 as before. 

4 

327. To Find the Area of a RiNd betwejbn Two 
Circles. Find the area of each circle, and subtract the 
smaller from the larger. 

Example. Suppose that the large cir- 
cle has a diameter of 28 feet ; its circum- 
ference must be 88 feet long, and its area 
616 square feet. The small circle has a 
diameter of 14 feet : its circumference 
must be 44 feet long, and its area 154 
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■^Uare feet. 154 subtracted from 616 leaves a remainder of 
"^2 square feet which is the area of the ring. 

328. Triangle. The Theee Angles of any Teianglb 
'^'^^ Equal to Two Eight Angles. 

A line meeting another makes two right 
^^les, or angles equal to two right angles. 
^Os. 47, 53. 

Any number of lines falling upon another 
•^e, at the same point, make angles equal to 
^'Wo right angles, for they occupy the same 
^pace. 

Cut out a large i^per triangle of any form, and fold 
down the upper angle A 
Upon the base at a, but the 
fold DE must be made 
parallel to the base. Then 
fold over the angle B, to lie 
beside a at 5; and fold over 
the angle C, to lie beside a 
at <7. 

The three angles, a, h and c, lie together at the same 
point of the straight line BC, and therefore are equal to 
two right angles. 

Out out several more paper triangles, of different shapes, 
and fold down the angles in the same way. We shall find 
that the three angles always occupy the space of two right 
angles. 

329. To Find how many Right Angles the Angles or 

FlGUBES ABE EqUAL TO, WHICH HAVE MORE THAN ThBEE 

Angles. Divide the figure into triangles (No. 274), by 
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drawing diagonals to one angle. Since the angles of one 
triangle are equal to two right 
angles (No. 328), the angles of 
the figure must be equal to twice 
as many right angles as the figure 
contains triangles. The angles of 
any four-sided figure must there- 
fore be equal to four right angles ; the angles of a pentagon 
to six right angles ; the angles of a hexagon to eight right 
angles, and so on. 




330. To Find the Areas 
OP FiGUEES Compared with 
THE Length OF THEIR Sides. 
If two figures be similar, as 
A and B, but the sides of 
one, B, are twice as long as 
the sides of the other, A, 
the area of B will be four 
times the area of A, or A 
has one quarter the area of 
B. This is shown by the 
triangles, squares, oblongs, 
and rhombs, marked A and 
B. In this case A is on 
half the scale of B, or B is 
on double the scale of A. 




II 



B 



I 



B 




If the sides of one, D, be three 

times as long as those of the other, 

C, the area of D will be three times 

^iiree^ or nine times as large ^j& the 
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D 



C 



1) 



The upper 



x«a of 0. Here D is on three times 
tile gcale of C. 

The same thing can be shown to p^ 

^ trae of pentagons, or figures with | | 

Biote sides, by dividing each figure 

^to triangles bj means of diagonals, 
*lid then dividing the triangles of 
*ke larger into four, nine, or six- 
*^n triangles, equal respectively to i — i 

^hose of the smaller, according as | | 

^he side of the larger is two, three, 

Of four times as long as the side of the smaller. 

ttiangle of the large pentagon 

Contains four triangles equal 

to the upper triangle of the 

%mall pentagon ; and the same is the 

t»8e with the middle triangles, and the 

lower triangles of both figures. 

331. By Arithmetic. The comparative size of the areas 
of two similar figures can be found by multiplying the 
length of one side of each by itself. Thus, if A be 2 
feet and B 4 feet long, the area of A will be 2 X 2 or 4, 
and of B 4 X 4 or 16 square feet. The area 16 is 4 times 
as large as the area 4. If the length of C is 2 feet and of 
Defect, then 2 X 2 is 4, and 6 X 6 is 36; the area 4 is the 
ninth part of the area 36. 





If a side of one similar figure, 
E, measure 4 feet, and that of 
another, F, 5 feet, — 

4 X 4 = 16 square feet. 

5 = 5= 25 



± 





E 










I 



























9> 



>> 



4X4=16 



. 



SXS :z.25 
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The area of E is to the area of F as 16 compared with 26, 
or rather more than half as large again. 

If a side of one of two similar figures measure 9 feet, 
and the corresponding side of the other figure 12 feet, the 
area of the figures is as 81 to 144, or nearly as 3 to 5. 

332. Mbasueembnt OP Distances. Surveyino. Distances 
across rivers, hogs, ponds, woods, hollows, and long tracts 
of country, are often measured in this manner. 

A line, AB, is first measured on flat ground, and then 
drawn on paper, 
an inch to the yard, 
or to any other scale. 
The angles A and 
B, which this line 
makes with the di- 
rection of some 
object at C, are also 
measured with an 
instrument called a 
theodolite (but they 
could be measured, though less correctly, with a jointed 
rule). These angles are then made in the drawing or plan, 
and the triangle completed. If the perpendicular, CD, 
measures twenty inches in the plan, the pond must be 
20 yards across, if our drawing is on the scale of an inch to 
the yard, and if our drawing and measurement have been 
performed correctly. 

By an extension of this kind of measurement, in which 
a nimiber of triangles are joined on to each other, 
districts and countries are measured, and maps of them 
are made. It is called Surveying. Much skill and know- 
ledge, and many instruments are required to perform it 
correctly. What is wanted tp be measured, is generally 
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diiided into triangles, which are drawn of the proper size 
and form, on paper, and the whole of them form a plan, 
or map of the country. The above pond is divided into 
three triangles. We have measured the middle triangle 
ACB. The triangle to the left is drawn correctly by mea- 
gming the angles which AC makes at A and respectively, 
with a second object at F. The triangle to the right is 
drawn after measuring the angles which BC makes at 
B and G with a third object at E. The whole pond can 
then be drawn on the plan and measured with almost 
perfect correctness, for the parts that go beyond the line 
make up for those which lie within it. By adding more 
triangles, the ground about the pond could be put into 
the plan, to as great an extent as we desire. This account 
of jSurveying is very imperfect. It merely gives a general 
notion of the method; a large book is required for its 
perfect explanation. 

333. The Measurement of Land is a kind of surveying. 
In this country land is measured by acres and parts of an 
9ore. (See the table of 
square measure at the 
md.) An acre may be 
of any shape. If it is 
square its side measures 
about 70 yards; and 640 
sudh acres are required 
to make up a square mile. 
4,900 square yards are 
contained in an acre. 
Land is usually mea- 
sured by means of long 
wire chains, and 100,000 
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square links of these chains make up an acre. If land 
always lay in squares, oblongs or triangles, it could easily be 
measured; but fields are usually of an irregular shape. 
The surveyor is therefore obliged to divide the fields into 
triangles, or other convenient shapes, and measure each of 
these separately. This field might be divided into six tri- 
angles, or in several other ways. 

334. HEASUBEMENT OF HEIGHTS. Heights, such as those 
of towers, walls, houses and trees, which cannot be got at 
for measurement C 

in the usual way, 
can often be mea- 
sured by taking 
a station, as A, 
on a level with 
the base, and 
measuring the 
distance (in yards) 
from A to B. A 

line is then made ^/ B 

on paper, to begin a drawing called a plan, one inch (or 
perhaps less) being drawn for each yurd of AB. 

The angle at A is then measured by some instrument, 
and put into the drawing. The angle B is also drawn 
on the paper at once, as it is known to be a right angle. 
If the triangle on the plan be now completed, it will be 
similar to the triangle ABC, which has BC for its vertical 
side ; but its sides will measure one thirty-sixth of the real 
size if the scale be an inch to the yard. Let the length of 
BC be measured on the drawing. If it be 37 inches, the 
tower must be 37 yards high. 

335. Measurement of Heights by Shadows, can some- 
times be performed with tolerable accuracy. If a pole (or 
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a man) standing vertically 6 feet high, cast a shadow 3 feet 
long, and the shadow of a tree or any tall object is found to 
be 20 feet long, then the tree must be 40 feet high, or twice 
as tall as its shadow. If the 6-feet pole cast a shadow of 
4 feet while the shadow of a house is 20 feet, the house 
must be 30 feet high, or one-third longer than its shadow. 

A 10-feet pole has a shadow of 5 feet, and a poplar's sha- 
dow is 20 feet ; what is the height of the poplar ? 

A boy 4 feet tall has a shadow of one foot, while a signpost's 
shadow is five feet ; what is the height of the sign-post ? 



SURFACE MEASURE OF SOLIDS. 

336. The surface measurement of solids signifies the 
measure of their outside, in square measure. Paper that 
covers every part of a cube exactly, shews the surface 
measure of the cube. 

337. Cube. The surface measure of a cube is six times 
that of any one face. Therefore, measure one face of the 
cube, and multiply that by six. The measurement of the 
outside of a one-inch cube is six square inches. A four- 
inch cube measures 16 square inches on each face : its entire 
sar&ce measure is 16 X 6 or 96 square inches. 5 inch, 
7-inch, 8-inch, and 10-inch cubes have surfaces of 150, 294, 
384 and 600 square feet, which the learner should calculate. 

338. To Make a Folding 
GiTBE. Draw six squares on 
paper or card, (No. 243-6) 
in this manner, and cut out 
the figure. The black square 
is the bottom ; the shaded 
square, the top or lid. The 
squares fold up into a cube, 
and may he fixed by sewing 



I 



82 PRIOTIOAL aSOKBTRT. 

thdr edges together. The figure can be made in a minute 
bj trftomg the six squarea round a card square cut out for 
the purpose. Or a rectangle can be drawn four times as 
long as it is broad, and divided bj lines into four squares ; 
and two squares of the same size must be added to the sides 
of one of the intermediate squares. 



If the figure be made of pasteboard, the outer lines must 
be scored, or it will not fold. 



339. Paeali-blopiped abb SqtrAEE 
Fbism. Find the meaaurement of 
one of each pair of oppofdte faces, 
viz : A, B and C, and multiply bj two. 

If the solid be a prism, which has 
four equal fa- 
ces, and two 
equal bases, 



foceA, andmul' 
tiply bj four, 



one base B,mul- 

tiplj that bj two ; and add this 
product to the former. 



B 

A 



A briok is a parallelopiped like the first of the above dia- 
grams. The largest faue A, measures lOinches by 5 inches; 
the face B measures 10 inches bf 3 inches ; and the tmx C, 
S inches bj 3 inches. 
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Faces. 8q. In. 

Ay 10 X ^ = ^9 a^cL 50 X 2 = 100 sur£Eu;e measure of the 

two largest faces, 

B, 10 X 3 = 30; and 30 x 2 = 60 surface of two middle 

sized faces. 

C, 5 X 3 == 15 ; and 15 x 2 = 30 surfiace of twosmallest 

faces. 



190 total surface measure 
of a brick in square ins. 



What is the surfEUse measure of a box 2 feet by 3, and 4 

feet deep ? 
„ „ log 3 feet by 4, and 9 

feet long ? 
„ „ cistern 5 feet by 7, and 

12 feet deep? 
„ „ room 12 feet by 16, 

and 10 feet high ? 

Books, boxes, houses, rooms, logs of wood, blocks of 
stone, and innumerable other articles are of this shape; 
which therefore requires to be measured more frequently 
than any other. 

Example of a square prism. A square piUar 8 feet long, 
having 2 feet square bases. See second pair of diagrams. 

A, one face, measures 8 feet X 2 feet = 16 ; and 16 X 4 = 64 
surface measure of 4 faces or sides. 

B, one base or end, 2 feet X 2 feet = 4 ; and 4x2 = 8 

ditto of two ends. — 

72 
square feet the entire surface measure. = 
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340. PoLnrae PiBixtBLOPiPEDS and Square Pr 

can be easily made by drawing and cutting out large fig 
like the right figure in the above diagrams of the p: 
which will fold up like the diagram of the cube in Ho. 

341. Pbibi*. a prism has three faces or sides, oi 
greater number. It can A 
have only two ends or / \ 

bases. Since the faces k ^ i 1- 

of a regular prism are ^^M » 

equal, find the measure- ^M 

ment of one face and I .^p 1 L 

multiply that by the \P^ \ / 

number of the feces ; v 

to the product add double the measurement of one ba 

342. Triangular prism. The two diagrams shew tht 
face of a triangular or three-sided prism, opened oul 
then folded up round the solid. 

A measures S feet by 6 feet =: 48 feet square mea 
48 X 3 = 144, the square measure of the three faces, 
triangular base has an altitude of about 5 feet, and iti 
measures 6 feet : then 6 X 6 = 30, and 30 divided bj 
the square measure of the triangle. The two trian 
bases measure IS X 2 = 30, The entire surface me 
of this prism is therefore 144 and 30, or 174 square 
This solid can be made for fddiii^, hj drawing a larg< 
gram like the second, and cutting it out, folding it up 
fixing the outer edges together. 

343. The Foub-bided Riqbt Fbish has four reotao 
faces of equal measoremeat, and two equal square ei 

Let A be 6 feet by 4 ; then, S X 4 = 24 } and 24 
= 96, the four feces. 
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Let B be 4 feet square ; then, 4 x "^ = 16 ; and 16 X 2 
= 32, the bases. 96 and 32 are 128 square feet, the surface 
meafloie of the solid. 




B 
A 



344. The folding of this solid merely requires an oblong 
of paper to be folded into four, and two bases of proper size 
to be added. 

345. Pbisms with five sides, or six sides, or any greater 
number, can have their surface measure calculated in the 
same manner. The first requires five equal faces, and two 
equal pentagons for bases. The second has six equal faces, 
and two equal hexagons for bases. 

346. These solids can be folded up at once ; the one, by 
folding an oblong bit of paper into five equal narrow oblongs ; 
the other, by folding the paper into six such oblongs ; and 
adding bases of the proper form and size. 

347. When prisms are irregular, that is, when their sides 
or bases are not equal, each side or base must be calculated 
separately, and the whole must be added together. 

348. Pybamids. As a pyramid has three triangles, or 
any greater number, for faces, and a right-lined figure for a 
base, the surface measure is found by measuring one triangle 
and multiplying its area by the number of the triangular 
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&ces ; and then adding to the product, the measurement 
the base. 

349. This rule, and the way to fold up these solids, 
shewn by the following diagrams. 




350. The Tbreh-sibei) Pybamid is made by folding 
equilateral triangle into four. The dark triangle is the ba 

351. The Four-sided Pyramid has four similar triang 
drawn on the sides of a square base. 

352. A pyramid of any number of faces can be fold 
by dividing a large semicircle into the proper number 
sectors for feices, cutting off their curved bases, and inserti 
the proper figure as the base of the solid. The last diagn 
folds up into a six-sided pyramid. Three of its triang 
would fold into a triangular pyramid : four of them, int< 
square pyramid : five, into a pentagonal pyramid : a 
eight such, into an octagonal pyramid. 

353. A figure for folding up into a pyramid can also 
traced at a central point, m^ thft same isosceles triang 
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repeated as many times as the pyramid is to have sides. 
But the triangles must not be made completely round the 
point, as, in that case, the apex cannot be raised without 
making the extreme triangles overlap. 

354. Cylindbb. Multiply the circumference of a base 
by the altitude of the curved surfBu^. To this product add 
twice the square measure of one of the bases. 





A cylinder measures 44 feet in the circumference of its 
base ; its altitude is 24 feet. The surface of the curved 
part is therefore 44 X 24 or 1,056 square feet. Each circular 
base measures the half of 44 multiplied by the radius 7. 
22 X 7 = 154 one base. 154 X 2 = 308 both bases. 
308 + 1,056 = 1,364 square feet, the total surface measure. 

355. FoLDiKO UP A Cyukdeb. Any paper oblong wiU 
curve into a cylinder, which will be made perfect by fixing 
in a paper circle, of the right size, at each end or base. 
The paper oblong for the above cylinder must measure 44 
by 24, as is shewn in the diagram. 

356. Cone. The surface measure of the curved part is found 
by multiplying the circumference of the base by half the 
slanting height; 
and the whole 
surface measure 
is obtained by 
adding to this 
product themea- 
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snre of the flat base. If the circumference be 22 and the 
lluitii^ height 10, the curved surface will measure 110, to 
nhich add the measure of the base, 38}, 

357. A litrge paper or card semicircle will bend into a 
cone. The centre of the circle is the top or apex of the 
cone ; and the half circumferenoe is the circular base. A 
card circle of the proper mze must be inserted at the bottom 
to complete the cone. Any sector of a circle will also curve 
into a cone. 

358. Sphesb. Multiply the drcumference of a large 
circle by its diameter. If a sphere's circumference be 22 
inches, its diameter is 7 inches ; and the surface measure 
22 X7 = 154 square inches. 



SOLID MEASURE. 



359. Cubic Measuke, or Mbasukb of Cafacitt, Solid 
measure is also called cubic measure, because we bare 
to find how many cubes of a certain size (as cubic inches 
or cubic feet) are contained in any solid, or in any hollow 
Teasel that we want to measure. 

S60. QvBB. To Meabdhe a Two-inch Cube. An inch 
cube is one inch long, one inch 
broad, and one deep. A two- 
inch cube is two inches every 
way. It can be made up with 
two layers of one-inch cubes, 
each layer consisting of four 
cubes ; it is therefore equal to 
eight one-inch cubes. 

A 3-inch cube has 3 layers of 9 each or 27 
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The rule is, multiply the length by the breadth and the 
Product by the thickness. Then the 

^"•Uich cube is 2 X 2 = 4 ; and 4X2= 8 cubic inches. 

„ 3 X 3 = 9, „ tf /v w — ^1 ,, 

^ „ 4X4 = 16; „ 16 X 4 = 64 

^ „ 6 X 5 = 25 



„ 25 X 5 = 125 „ 



A cubic yard is 27 cubic feet, as 3 X 3 = 9, and 9x3 
^^ 27. A cubic foot is 1,728 cubic inches, as 12 X 12 = 
^44, and 144 X 12 = 1,728. 

361. Paballelopipeds and Four-sided Prisms. The 
^^Ule is the same for calculating the solid contents of these 
^Uapes. If a block of stone be 4 feet long, 3 feet broad, 
^iid 5 feet deep, its solid contents are 60 cubic feet; 
-^ X 3 = 12 ; and 12 X 5 = 60. 

A room 8 feet high, 12 feet long and 10 feet broad, has 
^60 cubic feet. 8 X 12 = 96 ; and 96 X 10 = 960. 

A brick measures 10 inches by 5 inches, and 3 inches. 
Its solid measure is 10 x 5 = 50 ; and 50 X 3 = 150 cubic 
inches. 

362. Prism. To Find the Citbic Contents op a Prism. 
Find the area, or square measure of the base ; and multiply 
that by the altitude of the solid. Example. A triangular 
prism, with right-angled triangles for bases, having short 
sides 4 feet ; — ^altitude of prism 12 feet. Surface of base 
8 feet : solid contents 8 X 12 or 96 cubic feet. 

363. Pyramid. To Find the Cubic Contents op any 
Pyramid. Find the square measure or-«area of the base, 
and multiply that by the altitude ; then divide the product 
by 3 : because a pyramid has one-third the bulk of a prism 
on the same base, and of the same altitude or vertical 
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height. Example. A four-sided pjramid of 6 feet 

and 9 feet altitude. Base 36 square feet. Solid co 

094. 
36 X 9 = 324 ; and ^ = 108 cubic feet. 

364. Oylii^deb. To Fiin) its Cubic Contents. 
the area or square measure of the circular base, and n 
that by the altitude. Example. Circumference of 
a pillar 44 inches ; altitude 4 feet or 48 inches : area 
164 square inches : (No. 326.) 154 X 48 = 7,39 
inches, or 4 cubic feet and 480 cubic inches. 

365. Cone. To Find its Cubic Contents. F 
area or square measure of the base ; multiply that 
altitude (or vertical height) and divide the produ< 
A cone is one-third the bulk of a cylinder on the sa 
and of the same altitude. Example. Circular 
ference 44 inches ; altitude 5 feet or 60 inches. 

base 154 square inches. 154 X 60 = 9,240 ; an< 

= 1080 cubic inches. 

366. Sphere. To Find its Cubic Contents, li 
its surface measure (No. 358) by the radius, and di^ 
product by 3. Example. If its large circle be 22 
the surfEice measures 154 square inches. Its radi 

inches, 154 X 3i = 539 ; and ^ = 179§ cubic i 
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MEASURES OF LENGTH. 



12 inches . 


. . make 1 foot. 


3 feet . . 


• • >> 


1 yard. 


6 jrards 


• >> 


1 fathom. 


oj „ 


• yy 


1 pole9 perch9 or rod. 


220 9, or, 
40 poles 


}.. „ 


1 furlong. 


1,760 yards, oi 


) 




60 chains, oi 


\ • » 


1 mile. 


8 furlongs 


J 




3 miles 


• • 99 


1 league. 


69^ miles, or 
60 geogrphc. 


, milefl 3 " 


1 degree. 


7.92 inches , 


> . • ,, 


1 link. 


66 feet, or \ 
100 links } 


. . . . 


1 chain. 


77 




2i inches 


• • • 99 


1 nail. 


4 nails . . 


„ 


1 quarter yard. 


4 quarters , 


,, 


1 yard. 


5 quarters . 


• • » 


1 English ell. 


4 inches . 


> • . 99 


1 hand. 


9 „ . 


• • • 99 


1 span. 


2i feet 


» . . ,9 


1 pace (military). 


39.37 inches . 


• • • » 


1 m^tre (French). 
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SURFACE OR SQUARE MEASURE. 



144 sq. inches 
9 sq. feet . 
1,296 sq. inches 
30J sq. yards 
16 sq. poles. 
40 sq. poles, or 
1,210 sq. yards 
4 roods, or 
10 sq. chains, or 
160 sq. poleSj or 
100,000 sq. links 
640 sq. acres 



} 



99 



>> 



J> 



make 1 sq. foot. 
1 sq. yard. 

1 » 

1 sq. pole or pe 

1 sq. chain. 
1 sq.rood. 



j> 



j> 



» 



39 



1 acre. 



1 sq. nule. 



The side of a square acre is nearly 69^ yards. 

2 acres, 1 rood, and 30 poles, is nearly 1 hecataire (¥n 



SOLID OR CUBIC MEASURE. 



1,728 


cubic inches • . . make 1 cubic fooi 


27 


„ feet .... „ 


1 „ yar( 


46,656 . 


„ inches. ... „ 


1 » » 


277i 


>>•»•••• >> 


1 gallon. 


42 


„ feet .... 


1 ton, ship] 


5 


» *» .... ,, 


1 barrel, bi 


40 


„ „ rough timber ) 
„ „ hewn „ ). 


1 load. 


50 




35.316 


» » • • . . ,, 


1 stere(Fr< 
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MEASURE OF LIQUIDS AND DRY GOODS 

NOT HEAPED. 



4 gilb 


make 


\ • 


1 pint. 


2 pints 




• 1 qnart. 


4 quarts . . . . 




. 1 gallon. 


2 galloTifl . . . 






" 1 peck. 


4 pecks . . . 






1 bushel. 


8 bushels . . . 




b. 


1 quarter. 


5 quarters . . • . 




Q 


1 load. 


3 bushels, heaped 






1 sack. 


12 sacks, heaped . . 






- 1 chaldron. 


63 gallons . . . . 




• 


' 1 hogshead. 


84 „ . . . , 






1 puncheon. 


2 hogsheads . . . 




1 


1 pipe. 


2 pipes . . . . . 






1 tun. 


36 gaJlons . . . . 




• 


r 1 barrel. 


1| barrels • . . . 




d8- 


1 hogshead. 


3 barrels, or ) 
2 hogsheads ) 




1 butt. 




< 




2 butts . . . . . 






^ 1 tun. 


2i pints, nearly . , 




. 


1 litre (French). 

POISE. 


WEIGHTS. 


— AVOIBDU] 


16 drachms . . , 


make 1 ounce. 


16 ounces . . . . 


99 


1 pound, ft). 


28 pounds . . . . 


>> 


1 quarter, qr. 


4 quarters, or ) 
112 pounds ) ' 


yy 


1 hundred weight, cwt 




*mj ^ 


20 hundredweight . 


99 


1 ton. 


7,000 grains . . . . 


W 


ll 


)ound. 
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TrfoY Weight. 

24 grains .... make 1 pennyweight^ dwt. 

20 pennyweights • . >» 1 ounce, oz. 

12 ounces .... » 1 pound, fi). 

15.444 grains • • • • ,,1 gramme (French). 



20 grains, gr. . 

3 scruples. . 

8 drachms . 

12 ounces . . 



Apothecabies Weight. 

• • make 1 scruple, 9. 

. • „ 1 drachm, 5* 

. • „ 1 ounce, §. 

. . „ 1 pound, fi). 



ANGULAR MEASURE, OR DIVISIONS OF THE 

CIRCLE. 



60 


seconds • • . 


. • make 1 minute j 1'. 


60 


minutes . 


. . ,,1 degree, 1°. 


30 


degrees . • . 


. . ,,1 sign. 


90 


„ . . • 


, • „ 1 quadrant. 


360 


„ . • . 


, . „ 1 drcumferwce 



MISCELLANIES. 

Books. 2 leaves = 1 sheet folio ; 4 leaves = 1 sheet 
quarto, 4to. ; 8 leaves = 1 sheet octavo, 8vo. ; 12 leaves 
= 1 sheet duodecimo, 12mo. ; 18 leaves = 1 sheet 18mo. 

Bread. Quartern loaf = 41bs. 6ioz, * 



BcTTER, "•"'."i :-. ^ ".rTii:: --i'l-. = . .. . 

l««nf'-,. IT- .'::.:c :r.— : : -a::«i. r .- :•. : -" ■ . ■ . i 
•jtIT .TiMc r't-T-r I -.a'.- = . '• •: . y-L."'. ■ .\ •. .,;■■ 
1* heap*ri " -utcii .-:• rt iL^s.:.::. i: .1 -" w" .•• 
= 1 jtiuL 

Fhh. 1 *t..Tie = -il..-. 

Fwts. l-tlh?.. = r-i 1 7,»:t:k r •:■ -v . '■'■?*>. \ i-u 

G&1I7. Wneai. Ab'.ii: ^/» rs. = I l»u>lu-l. 

Barley. .. 471'?j. = 1 „ 

r.>ata. ., 3"»1:'#. = 1 

fiaoa. 12 dozen : gr»rj.c jt«.»5s = I -J ^ri»ss. 
Hay. Mbs. 'A'i '.r ♦5' .'lbs. ucw = I iiuv. , .'•»■ im- . 

1 load. 
How. I pfjcket = llilhs. 
Hexp. 3tilb8. = 1 stone. 
Leal. IDA cwt. = 1 f.Klder. 

IfEAT. J^lljg. = 1 stnue. 

Irish mile . . , 
Scotch „ . . . 
German ,, short . 

Prussian „ . . . 
French league-post 



I ■ 



)} 



j> 



grapliical . . . 



I'.-'ln ^,,,.1 

r.,'...ii 
HM'j; 

i,:'r.:i 



iM» 



. •»,'**<"» M 
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Muslin. 1 piece = 10 yards. 

Palm. 3 inches. 

Paper. 24 sheets = 1 quire ; 20 quires = 1 ream. 

Potatoes. 40 bushels = 1 ton. 

Raisins. 1 barrel = 1121bs. 

Rice. 1 bag = 1681bs. 

Salt. 1 bushel = 56lbs. 

Straw. 361bs. = 1 truss; 36 trusses = 1 load. 

Stone. Horseman's weight = 141bs. 

Tea. 1 chest = 141bs. 

Tiles. 1,000 = 1 load. 

Water. 1 gallon weighs lOlbs. avoirdupoise; 1 cubic inch 

= 252.458 grains troy. 
Wood. 128 cubic feet = 1 cord. 
Wool. 141bs. = 1 stone; 281bs. = 1 tod; 2401bs. = 

1 pack. 



FINIS. 



Waterlow and Sons, PriBten, Carpenters' Hall, London Wkll. 
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